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BOD  Biochemical Oxygen Demand - A measure of the amount of oxygen 
used in the biochemical oxidation of organic matter. The BOD test is 
typically conducted over a period of five days under specified 
conditions and may then also be referenced as BOD5. 
Brown Water   Toilet waste. 
Critical Control Point A point, step or procedure at which control can be applied and                        
which is essential to prevent or eliminate a hazard or reduce it to an 
acceptable level (adapted from Codex Alimentarius). 
Disinfection   A process that destroys inactivates or removes micro-organisms. 
Direct Potable In the context of this research, the derivation of drinking water 
directly from reclaimed water without an intermediate stage of 
storage or mixing with surface or groundwater. 
E.coli  Escherichia coli. - A bacterium found in the gut of warm  
blooded animals that indicates faecal contamination.  
Effluent   Water that flows out of treatment plants . 
Grey water Wastewater from the hand basin, shower, bath, spa bath, 
washing machine, laundry tub. It is not the water from the 
toilet, kitchen sink or dishwasher. Water from the kitchen is 
generally too high in grease and oil to be reused successfully 
without significant treatment. 
HACCP  Hazard Analysis and Critical Control Point- it is important 
when applying HACCP to be flexible where appropriate, 
given the context of the application taking into account the 
nature and the size of the operation (FAO/WHO 1996). One 
of the major benefits of developing the HACCP plan for 
water is the coordination of many systems related to process 
control into one management system. 
Indirect Potable In the context of this research, the derivation of drinking 
water from surface or groundwater storages that have been 
supplemented by the addition of reclaimed water.    
KL    Kilo litre (1 Kilo Litre = 1000 Litres) . 
NTU    Nephalometric Turbidity Unit – a measure of turbidity. 
Pathogens  Organisms capable of causing disease - in untreated sewage, 





Primary treatment  Treatment  involving sedimentation (sometimes preceded by 
screening and grit removal) to remove gross and settle able 
solids. The remaining settled solids, referred to as sludge, 
are removed and treated separately. 
Recycled water Output or product from wastewater that is usually treated to 
some extent, and redirected back into water use scheme. It is 
predominantly practices in industry. 
Reuse  The utilisation of recycled water for some further beneficial 
purpose. 
Risk Management The systematic evaluation of the water supply system, the 
identification of hazards and hazardous events, the 
assessment of risks, and the development  and implementation 
of preventive strategies to manage the risks.  
Secondary treatment Generally, a level of treatment that removes 85 percent of 
BOD and suspended solids via biological or chemical 
treatment processes. Secondary treated reclaimed water 
usually has a BOD of < 20 mg/L and suspended solids of < 
30 mg/L, but this may increase to > 100 mg/L due to algal 
solids in lagoon systems. 
SS     Suspended solids. 
Supplier   A person or organisation that supplies reclaimed water for use. 
Tertiary treatment  The treatment of reclaimed water beyond the secondary 
biological stage. This normally implies the removal of a high 
percentage of suspended solids and/or nutrients, followed by 
disinfection. It may include processes such as coagulation, 
flocculation and filtration. 
Urban wastewater Combination of domestic effluent, water from commercial 
establishment and institutional, industrial effluent and storm 
water and other urban runoff . 













Like many other cities, Perth is facing shortages of potable water. Water should be used 
as a sustainable resource so that it is available in future. The factors contributing to 
increasing water shortages include: an increasing population, decreasing rainfall, aging of 
existing supply system infrastructure, and continued inefficient water use. Efforts by the 
Western Australian community to overcome water scarcity include implementing  garden 
watering restrictions, water efficient appliances, and the use of treated rainwater and the 
use of recycled water in a safe and sustainable manner to reduce pressures on limited 
drinking water resources. However, introducing wastewater as a source of water supply 
for non-potable water has its own limitations, including: pricing, health concerns, 
technology, and legislative challenges, all of which need to be addressed.  
A new concept of treating wastewater onsite for commercial reuse in Western Australia is 
being applied by the Peppermint Grove Council . The Shire of Peppermint Grove (a 
suburb) is situated around thirteen kilometres from Perth  (in Western Australia) on the 
north side of the Swan River and shares boundaries with the Towns of Claremont, 
Cottesloe and Mosman Park. Peppermint Grove is one of the Perth’s beautiful suburbs, 
known for its large character homes set in tranquil tree -lined streets and lush parks 
located on the shores of the Swan River, (http://www.peppermintgrove.wa.gov.au/your -
shire/). The successful implementation of wastewater reuse requires an integrated 
consideration of the following: public health requirements, environmental requirements, 
appropriate technology, and management plan development.  
The aim of the present study was to evaluate health risks in the Peppermint Grove 
initiative with reference to meeting the Western Australian (WA) and Australian 
Guidelines for recycling water in order to identify any potential adverse impacts on 
human health and the environment that need to be addressed. 
The present research comprises a case study of Peppermint Grove where the latest 
technology in rainwater harvesting and wastewater treatment has been in use to achieve 
sustainable objectives. A case study of Peppermint Grove Council’s water recycling was 
undertaken to evaluate the grey water, yellow water , and brown water processing in 
regard to the WA and National guidelines.  
The approximate volume of yellow water generated from the buildings was estimated as 
being between 110 litres to 135 litres per day (depending on low and high occupancy 
rates and the choice of water fixtures). The approximate volume of brown water generated 
from the buildings was estimated as being between 900 litres to 1700 litres per day 
(depending on low and high occupancy rates and the choice of water fixtures) . The 
approximate volume of grey water generated from the buildings was estimated as being 
between 900 litres to 1100 litres per day (depending on low and high occupancy rates and 
the choice of water fixtures). Critical requirements that the regulatory authorities have 
highlighted need to be satisfied as part of the approvals process include the development 




the systems, as well as evidence that funds will be made available for a regular 
maintenance program and asset replacement. However, yellow and brown water recycling, 
were not practically successful due to lack of support for maintenance and lack of funds 
for ongoing maintenance.  
The study’s findings for grey water recycling, which was the greatest part of the e xisting 
scheme, were that Peppermint Grove Council was complying with the guidelines; and that 
for grey water, successive increases in levels of treatment results in reduced levels of risk 
associated with reuse. The findings for yellow and b rown water recycling were that the 
council had failed to comply fully with the guidelines that govern this type of recycling.  
There are several implications of this study: that the grey water recycling scheme was 
fully operational, but needed to improve in some areas to meet the guidelines; and that the 
yellow and brown water schemes failed, mainly due to maintenance and budgetary 
constraints.   
Based on these findings, it appears that , at present, WA only has the capacity to 






CHAPTER 1: INTRODUCTION 
 
1.1. Background of the Water Crisis 
As the world's population has tripled in the 20th century, the use of renewable water 
resources has grown six-fold. Within the next 50 years, the world population will 
increase by another 40 to 50 % (worldwatercouncil.org, 1999). This population growth - 
coupled with industrialization and urbanization - will result in an increasing demand for 
water and will have serious consequences for the environment. 
Statistics for water withdrawn indicate that annual global water withdrawal has 
increased by more than six times and the rate of increase in developing countries is 8% 
for the past decade (Hinrichsen, Robey and Upadhey 1998; UNESCO 2003). In addition, 
many freshwater resources have become increasingly polluted resulting in the shrinking 
of freshwater availability.  
According to a World Bank report published in 2010, t he total annual freshwater 
withdrawal (in billion cubic metres) for 2009 in Australia was 22.58 
(tradingeconomics.com, 2010). Annual freshwater withdrawals refer to total water 
withdrawals and do not count evaporation losses from storage basins. Withdrawals also 
include water from desalination plants in countries where they are a significant source.  
 
Source: Water GAP 2.0 - December 1999 







The above chart demonstrates that Perth and surrounding areas are under mid to high 
stress levels for water withdrawal to availability ratio. Perth’s biggest dam is only 9 per 
cent full, its lowest level in 2011, and there was a fear of water shortage after months of 
record breaking heat and drought  exacerbated by Perth's hottest March, during 2011, in a 
century, its longest period without rain, and its lowest inflow to dams on record (Water 
Corporation, 2012). The previous driest two month period for February and March in 
Perth was 0.8mm in 1877 and in 1973 (Bureau of Meteorology, 2012).  
The summer of 2011(March 2011) was the sunniest in more than 110 years with 11 hours 
of sunshine a day compared to the average 9.5 hours and , during the last three months, 
Perth also had its hottest nights on record.  The capacity of the South Dandalup Dam is 
138GL and had only 12GL stored. The similarly sized Serpentine Dam was only 22% 
full, holding a mere 31GL .One of the smaller dams, “Samson”, was completely dry (The 
West Australian, 2011). 
It is recommended that the parameters of recycled water quality and its delivery be 
established in consultation with the community involved, to determine the importance 
each community places on the various attributes of recycled water . Such an approach 
will ensure the quality of the recycled water will be to the community’s satisfaction, 
providing a solid platform to successful implementation of recycled water use  (Khan, 
2005). 
Consequently, the water crisis situation has engendered new directions for water 
governance and use of urban wastewater as an alternative source of supply.  
1.2. Setting the scene - Water Governance 
There is a National Framework for water recycling that provides a consistent and 
efficient approach to validate reuse of water that does not compromise the safety of the 
water recycling process.  
Recycling of urban wastewater has been recognised as a necess ary source and a key 
aspect of sustainable water policy. This policy has evolved in many places in Australia 
and overseas (Khan, 2005).  
Australia has National guidelines that set recycled water quality requirements. However, 
each State and Territory has its own validation approach, often with different criteria 
and testing requirements (Australian Water Recycling, 2009). 
Recycled water for non-potable use is supported by the Department of Health, Western 
Australia (DoHWA) as a way to help alleviate the pressure on our scarce water resources 







1.3. Research Questions and Objectives 
The main research question for this study was:  
Is water recycling in Western Australia viable and to identify means by which health 
risks can be managed to an acceptable level? 
In order to answer this research question, there are a number of specific objectives : 
1. Investigate the process of wastewater treatment (grey, yellow and brown 
water) through a case study; 
2. Examine the implications of health risk management through the wastewater 
project; and 
3. Examine the implications of the guidelines governing wastewater reuse in 
Western Australia. 
1.4. Need for the Study 
A new study suggests that, as urban populations around the world continue to grow, 
water shortages in cities will become even more severe. The study “Urban Growth, 
Climate Change and Freshwater Availability,2011” suggests that by 2050 almost a 
billion people will live with less than 100 litres of water each per day. In addition  to 
this, by 2050 another 3.1 billion people in cities around the world will confront water 
shortages on a seasonal basis (National Academy of Sciences, 2012). 
In 2007, the state government of Western Australia issued draft guidelines for the use of 
recycled water in Western Australia. The overall objectives of the guidelines are to 
maximise the reuse of recycled water through minimising and managing any risks 
associated with its use. These guidelines are designed to cover the non-potable uses of 
recycled water in Western Austral ia. The water sources covered include grey water, 
industrial wastewater, and sewage (yellow and brown water).  The guidelines primarily 
deal with effluent from municipal wastewater treatment plants treating waste from 
domestic, hospital, and some industrial sources (Draft Guidelines for use of recycled 
water in Western Australia, 2009). The Draft Guidelines on the Use of Recycled Water 
in Western Australia are compliant with the National guidelines and utilises its risk 
assessment based framework. 
The Environmental Technology Centre (ETC) at Murdoch University and Josh Byrne & 
Associates (JBA) were commissioned by New Forms Landscape Architecture to develop 
the schematic design for various landscape water-based Environmentally Sustainable 
Design (ESD) initiatives relating to the development of the Peppermint Grove (PGCMP) 







1.5. Research Contribution 
On the basis of this research, we may able to ascertain  the future of recycled wastewater 
and rain water usage in Western Australia significant to the Draft guidelines on the Use 
of Recycled Water in Western Australia and National guidelines. 
The present case study will provide insight into the capabilities of councils in Western 
Australia to engage in recycling wastewater and rain water and has implications for 
Western Australia’s future use of these resources.  
1.6. Research Limitations  
Peppermint Grove was the only suburb in Perth, Western Australia at the time of data 





















CHAPTER 2: LEGISLATION AND GUIDELINES 
2.1. Introduction 
It is important to understand the legislative guidelines and relevant state government 
acts, policies, and available technologies that govern the reuse of wastewater and rain 
water. 
Australia has been active in developing new approaches to managing  the risks associated 
with recycled water quality. In 2006, the National Water Quality Management Strategy 
added the Australian Guidelines for Water Recycling: Managing Health and 
Environmental Risks – Phase 1 (NWQMS, 2006).These guidelines form the basis of an 
integrated methodology for managing human health risks using quantitative microbial 
risk assessment (QMRA) and provide guidance and acceptability criteria fo r a range of 
risks common across many managed aquifer recharge (MAR) configurations. In the 
Australian water industry, risk management and quality management are increasingly 
being used as a means of assuring drinking water quality by strengthening the foc us on 
more preventive approaches. Risk Management and the Hazard Analysis Critical Control 
Point (HACCP) system that has been adopted internationally by the food industry  
(ADWG, ch.2, 2011). These efforts parallel international developments in the World 
Health Organisation Water Safety Plans (WHO, 2004 and 2005).  
Whilst Australia has national guidelines that set out recycled water quality requirements , 
each State and Territory has its own validation approach  that often have different criteria 
and testing requirements (Australian Water Recycling, 2009). In Australia, the state’s 
Department of Health plays an important role in regards to endorsing polic ies related to 
wastewater use and have an enormous influence on all wastewater applications.  
2.2. World Health Organisation 
The World Health Organisation (WHO) has developed the Water Safety Plan (WSP) to 
provide a systematic approach for improving and maintaining drinking -water safety. 
Within the context of the WHO water safety plan, the Guidelines for Drinking Water 
Quality 2004 (GDWQ) provide a range of advice on the microbial, chemical, 
radiological and acceptability aspects of drinking-water (WHO, water safety manual, 
2006). 
The third edition of the World Health Organisation guidelines for the safe use of 
wastewater, excreta, and grey water has been extensively updated to take account of 
new scientific evidence and contemporary approaches to risk management. The revised 
guidelines reflect a strong focus on disease prevention and public health principles.  
This new edition responds to a growing demand from WHO Member States for guidance 






target audience includes environmental and public health scientists, researchers, 
engineers, policy-makers, and those responsible for developing standards and 
regulations. As such, for recycled water supply systems, the Hazard Analysis and 
Critical Control Points (HACCP) process is an effective method for dev ising a risk 
management system. The HACCP is a systematic approach to the identification of 
hazards and their prevention with a focus on process control to ensure that prevention 
measures are operating effectively (NWQMS, 2006). 
The Guidelines are presented in four separate volumes  (WHO, 2006): 
Volume 1: Policy and regulatory aspects (The use of wastewater, excreta and grey water 
in agriculture and aquaculture has policy relevance in relation to poverty reduction, the 
protection of public health and the environment, food security and energy rel iance); 
Volume 2: Wastewater use in agriculture (The purpose of the Guideline is to ensure that 
the use of wastewater in agriculture is made as safe as possible so that the nutritional 
and household food security benefits can be shared widely within commun ities whose 
livelihood depends on wastewater –irrigated agriculture); 
Volume 3: Wastewater and excreta use in aquaculture  (The Guideline informs readers on 
the assessment of microbial hazards and toxic chemicals and the management of the 
associated risks when using wastewater and excreta in aquaculture. It explains 
requirements to promote safe use practices, including minimum procedures and specific 
health-based targets); and 
Volume 4: Excreta and grey water use in agriculture (The Guideline for the safe use of 
wastewater, excreta and grey water provides information on the assessment and 
management of risks associated with microbial hazards. It explains requirements to 
promote the safe use of excreta and grey water in agriculture, including minimum 
procedures and specific health-based targets, and how those requirements are intended to 
be used). 
In response to requests from the guideline’s readership, WHO, together with FAO, 
IDRC, and IWMI, produced two information kits with targeted guidance notes, 
discussion papers, fact sheets, and policy briefs, to further clarify methods and 
procedures. These focus on specific components of the integrated risk assessment and 
incremental risk management approach proposed by the guidelines 
(http://www.who.int/water_sanitation_health/wastewater/en/). 
2.3. Australian Federal Government 
The National guidelines were produced by the Environment Protection and Heritage 
Council, Natural Resources Management Ministerial Council , and the Australian Health 
Ministers Conference to provide guidance on best practices for water recycling. The 






storm water, grey water, and treated sewage sources. The guidelines are not mandatory 
but are designed to provide an authoritative reference that can be used to support 
beneficial and sustainable water recycling practices. The guidelines are intended to be 
used by anyone involved in the supply, use , and regulation of recycled water schemes.  
Drinking water 
 Australian Drinking Water Guidelines 2011 (ADWG); 
 National Water Quality Management Strategy (NWQMS); 
 Draft guidelines for the use of alternate water in WA. 
Recycled water 
Guidelines for recycled water vary across the Australian states. The guidelines consider 
management of risks to human health and environmental health and focus on two 
specific situations — water recycled from a centralised sewage treatment plant and from 
grey water. The approach is to identify major health risks and the preventive measures 
needed to reduce those risks to an acceptably low level  (NWQMS, 2006). In general, 
Australia has particularly strict standards for recycled water, with limits of less than 1 
virus per 50 mL. This is the lowest limit in the world (NWQMS, phase 1, 2006). 
2.4. Other State Governments 
2.4.1. New South Wales 
Past approaches have defined targets and limits for the quality of reused water with 
guidance provided by NSW Health guideline approach. This approach has been 
successful for large scale, centralised treatment systems.  The NSW Office of Water 
refers to National guidelines on Water Recycling for water quality. NSW will use its 
own processes to refine the Australian Guidelines where necessary.  
One key change in NSW is that the Australian Guidelines have replaced the 1993 NSW 
Recycled Water Coordination Committee’s guidelines for Urban and Residential Use of 
Recycled Water. In addition, the NSW Office of Water will adopt the Australian 
guideline framework for assessing section 60 applications for approval to treat and 
supply recycled water under the 1993 Local Government Act and section 292 
applications for approval to treat and discharge recycled water under the 2000 Water 
Management Act. 
Relevant NSW guidelines on water recycling include:  
 Environmental Guidelines: Use of Effluent by Irrigation (Dept. of Environment & 
Conservation 2004); 
 Managing Urban Stormwater – Harvesting and Reuse (Dept. of Environment & 






 On-site Sewage Management for Single Households (Department of Local 
Government 1998). 
2.4.2. Victoria 
In Victoria, guidelines for recycled water produced from ‘centralised treatment’ of 
treated sewage are outlined in the guidelines for Environmental Management Use of 
Recycled Water (EPA Victoria, 2003). This guide categorises treated effluents based on 
water quality into four classes ranging from A to D, where Class A denotes the highest 
quality. The guide sets out the acceptable uses for each water class  and the quality 
parameters specified in the guidelines are BOD, SS, turbid ity, pH, and faecal coli forms 
(EPA, Victoria, 2003). 
The focus of the guidelines are irrigation and garden watering, however no guidance is 
provided for domestic use, such as toilet flushing and cloth’s washing, or external use 
such as firefighting systems. The guidelines require Class A water for urban use, which 
is classified as a tertiary treated wastewater with pathogen reduction. Where urban use is 
expected, with high human contact with the recycled water, the level of faecal coli forms 
should be less than 10 per 100 mL.  By comparison, less than 1000 per 100 mL is 
required for low contact uses which involve controlled public access, such as the 
irrigation of golf courses. Recycled water microbiological quality is based on indicative 
criteria of less than 10 E.coli per 100 mL; less than  two NTU; less than 10:5 mg/L 
BOD/:SS; less than one mg/L Cl2 residual; and less than one virus/50 mL (the same 
limit is applicable for helminths and protozoa).    
Draft guidelines for Dual Pipe Water Recycling Schemes were released in May 2005 to 
complement the guidelines for Use of Recycled Water. The Dual Pipe guidelines provide 
the minimum regulatory requirements for the management of health and environmental 
risks associated with urban dual pipe schemes. The guidelines are not intended for small 
on-site treatment plants with a design or flow rate of less than 5,000 litres a day, 
however the principles outlined and endorsed by the EPA and the Department of Human 
Services can be applied to most treatment schemes. The CH2 sewer mining plant and 
recycling scheme complies with these guidelines and will deliver EPA Class A quality 
water - the highest quality achievable.  
2.4.3. Queensland 
Queensland Water Recycling guidelines were developed to regulate recycled water use 
in the state. Parts 4, 5, and 6 of these guidelines are no longer relevant and have been 
replaced by the: 
 Public Health Regulation; 
 Recycled Water Management Plan and Validation Guidelines ; and 






However, there is still valuable advisory information  in Part 3 of the guidelines in 
relation to planning for a scheme and the use of recycled water. 
2.4.4. Western Australia 
Principal Western Australian legislative and regulatory documents that have an impact 
on the production and use of recycled water in urban Western Australia are listed in 
Table 2.4.1 below. 
Table 2.4-1 – Principal WA legislative & regulatory documents 
Date Policy/Act 
1911 WA Health Act – enforces on public health. 
1914 Rights in Water and Irrigation Act – related to water resources and their management.  
1928 Town Planning and Development Act – related to Planning and Development of Land 
for Urban, Suburban, and Rural purposes. 
1974 Health (Treatment of Sewage and Disposal of Effluent and Liquid Waste) Regulations 
1974. 
1985 Financial Administration and Audit Act. 
1986 Environmental Protection Act – it enforces environmental protection policies and impact 
assessment. 
1995 Water Corporation Act – related to providing water services, and with functions 
necessary for and related to that purpose, and for connected purposes. 
1995 Waters & Rivers Commission Act – it is related to water resources conservation, 
protection and management functions by various written laws, assessing water resources, 
and carrying out works and planning for the use of water resources. 
1996 Government Sewerage Policy: Perth Metropolitan Region. 
1997 Wetlands Conservation Policy for WA – it enforces to conserve and wisely manage 
wetlands as they form a vital living part of our environment. Therefore, the Government 
has supported the development of the Wetlands Conservation Policy for Western 
Australia. 
2000 Town Planning and Development Subdivision Regulations. 
2001 State Water Quality Management Strategy for WA – it has been developed to implement 
the corresponding part of the National Water Quality Management Strategy (NWQMS) 
in Western Australia and it relates primarily to environmental protection and some social 
matters. 
2002 Water WA: a state of water resources report for WA.  
2002 State Water Strategy – the objective of the State Water Strategy is to ensure a sustainable 
water future for all Western Australians and Planning and developing new sources of 
water in a timely manner. 
2003 The WA State Sustainability Strategy – the strategy is the first attempt in WA State to 
meet the needs of current and future generations through integrating environmental 
protection, social advancement and economic prosperity.  






2005 Code of Practice for the reuse of grey water in Western Australia –  it enforces to assist 
in the promotion of acceptable long term grey water reuse practice and promote 
conservation of our quality ground and surface water supplies. 
2009 Draft guidelines for the non-potable use of recycled water in WA – the objective of the 
Guidelines are to bring Western Australian recycled water practices and schemes in line 
with the new National Guidelines. 
Source: Radcliffe, 2004 
2.5. Health Department 
The guidelines for the Non-Potable Uses of Recycled Water in Western Australia are 
designed to provide a planning and implementation framework for water recycling 
schemes. The guidelines are based on a risk management framework and apply the ‘12 
element’ risk assessment used in the Australian Guidelines for Water Recycling 
(http://www.public.health.wa.gov.au/3/1275/2/recycled_water_guidelines_and_publicati
ons.pm).  
The objectives of these guidelines are to maximise the reuse of recycled water through 
minimising and managing any risks associated with its use. These guidelines provide 
information for the planners, designers, installers, operators, managers, users , and 
regulators of recycled water systems, with the objectives of:  
 Encouraging the beneficial use of recycled water and providing guid ance on how 
this might be accomplished without negatively impacting on public health or the 
environment;  
 Providing guidance for the planning, design, operation , and monitoring of 
recycled water schemes through the implementation of a risk management 
framework; and  
 Outlining the statutory approvals required for a recycled water scheme.  
These guidelines replace the Draft guidelines for the Use of Recycled Water in Western 
Australia (2009) that was first released in 2005. 
Table 2.5-1 – Role and regulatory responsibilities of other state agencies in water recycling 
Agency Roles in Recycling Schemes 
Department of Environment and Conservation Regulation of wastewater from prescribed 
industries, as determined under Part V of the 
Environmental Protection Act 1986. 
Department of Water Managing the State’s water resources; 
assessment of water management strategies 
under Better Urban Water Management (WAPC, 
2008); provides advice to the Minister for Water 






a water service provider licence. 
Economic Regulation Authority Assessment of technical and financial capability 
in the licensing of water service providers under 
the Water Services Licensing Act 1995. 
Office of the Environmental Protection 
Authority (OEPA) 
Assessment of proposals under Part IV of the 
Environmental Protection Act 1986. 
Western Australian Planning Commission/ 
Department of Planning 
Considers non-drinking water proposal through 
the land planning process. 
Local Government Manager of local assets may be a water service 
provider, administration of the Health Act 1911, 
administration of the Building Code of Australia, 
granting of approvals through the land planning 
process. 
Source: Draft guidelines for the use of Recycled Water in Western Australia, 2009 
2.6. Conclusion 
Several Australian States have developed their own jurisdictions to govern the use of 
wastewater, while others have directly implemented the Australian Guidelines for Water 
Recycling (AGWR, 2008). Implementations of some of the components of the AGWR 
are easier than others. The risk management framework , as a whole, is easily 
implemented and actioned most of the steps involved. The use of quantitative microbial 
risk assessment and the log reduction requirements are less easily implemented while 
validation is the most difficult. Although validation is only one step in the process of 
developing a safe recycled water scheme, it is a significant step  that is an area of 
confusion for regulators and proponents. 
The development of a national approach to treatment system validation removes 
responsibility for this from smaller regulators or individual jurisdictions, such as 
councils. This also removes the duplication of strategies, when jurisdictions produce 
their own guidelines for validation of individual treatment systems. Increased 
consistency between regulators both in and outside  of jurisdictions is also expected from 








CHAPTER 3: GLOBAL REUSE OF 
WASTEWATER 
3.1. Introduction 
Wastewater reuse has become increasingly important in water resource management for 
both environmental and economic reasons. Wastewater reuse has a long history of 
applications. Although primarily used in agriculture it also becoming more prevalent for  
industrial, household, and urban use. Of these, wastewater reuse for agriculture 
represents the largest reuse volume and is expected to increase further, particularly in 
developing countries (UNEP, 2002a). As the applications for wastewater reuse increase, 
there is a concurrent recognition that water resource management and proper water cycle 
maintenance requires up-to-date knowledge of basic practices, benefits and potential 
risks, capacity building of practitioners and planners, and appropriate policy frameworks 
to protect human health and the environment.  
Raw wastewater reuse is an important practice in several countries, especially for 
agriculture, with about 20% of the world population’s food being produced through its 
use. Given the risks of reusing raw wastewater, this practice should be critically 
analysed - , including an analysis of the benefits of wastewater reuse - before making the 
decision to use either raw wastewater or treated wastewater. 
In cities and suburban regions of developed countries where wastewater  collection and 
treatment are common practice, wastewater reuse is practised with proper attention to 
sanitation, public health, and environmental protection.  
3.2. Benefits – Recycling Wastewater 
Recycled water is most commonly used for non-potable (not for drinking) purposes such 
as irrigation for agriculture, landscaping, public parks, and golf courses. Other non-
potable applications include cooling water for power plants and oil refineries, industrial 
processing water for facilities such as paper mills and carpet dyers, toilet flushing, dust 
control, construction activities, concrete mixing, and artificial lakes (EPA, 2003). 
Recycled water can satisfy most water demands as long as it is adequately treated to 
ensure a water quality appropriate for non-potable use (EPA, 2003). Use of recycled 
water can help to take the pressure off the drinking water supply and can be used for:  
 Watering recreation facilities such as parks and golf courses;  
 Irrigating agriculture;  
 A reliable source of water that is less dependent  on rainfall and other seasonal 






 Environmental benefits from reduced energy and transportation costs and 
greenhouse gas emissions compared with desalination and from reductions in 
wastewater discharged to the environment (NWC, 2009); 
 Less effluent discharge to waterways; 
 Less ecological impact of nutrients or other pollutants;  
 Reduced water demand; and 
 Reduced average dry weather flow to sewage treatment plants.  
Recycling water provides more options for water use in situations where potable water is 
not necessary, such as public open space irrigation and car washing (McKay and 
Hurlimann, 2003). Recycling also reduces the amount of wastewater disposed into the 
environment via ocean outflows. Instead, this water is returned to the environment. This 
produces environmental benefits by generating a net saving of water and a reduction in 
energy consumption due to waste not being flushed with water over long distances 
(Hurlimann and McKay, 2005). 
3.3. Wastewater – Treatment Methods and Applications 
In order to reuse wastewater it is necessary to treat raw wastewater to meet specific 
public safety requirements. In this section some basic information on wastewater 
treatment technologies is given and the terminology explained.  
Wastewater treatment processes can be categorized into three  treatment categories: 
physical, chemical, and biological as per Table 3.3-1 below:  




1 Physical Impurities are removed physically by screening, sedimentation, 
filtration, flotation, absorption or adsorption or both, and 
centrifugation. 
2 Chemical Impurities are removed chemically through coagulation, 
absorption, oxidation-reduction, disinfection, and ion-exchange. 
3 Biological Pollutants are removed by biological processes such as aerobic 
treatment, anaerobic treatment, and photosynthetic processing 
(oxidation pond). 
Conventional wastewater treatment consists of the following stages:  preliminary, 







Table 3.3-2 – Wastewater treatment stages 
 Purpose Sample Technologies 
Preliminary Removal of large solids and grit particles  Screening, Settling 
Primary Removal of suspended solids  Screening  
 Sedimentation 
Secondary Biological treatment and removal of 
common biodegradable organic pollutants  
 Percolating/trickling                   
filter, activated sludge  
 Anaerobic treatment  
 Waste stabilization 
ponds (oxidation ponds) 
Tertiary and 
Advanced 
Removal of specific pollutants such as 
nitrogen or phosphorous, colour, odour, etc.  
 Sand filtration  
 Membrane 
bioreactor  
 Reverse osmosis  
 Ozone treatment  
 Chemical 
coagulation  
 Activated carbon 
Source: (Asano and Levine 1998) 
3.4. Wastewater Reuse – Sustainability Criteria for Sanitation 
The main objective of a sanitation system is to protect and promote human health by 
providing a clean sanitation environment that breaks the cycle of disease. In order to be 
sustainable a sanitation system must be, not only economically viable, socially 
acceptable, and technically and institutionally appropriate but also, able to protect the 
environment and natural resources (http://www.sswm.info, 2000). 
When improving an existing system and/or designing a new sanitation system, 
sustainability criteria related to the following should be considered  (SusanA.org, 2000): 
1. Health and hygiene: considerations include the risk of exposure to pathogens and 
hazardous substances that could affect public health at all points of the sanitation 
system; from the toilet, via the collection and treatment system, and to the point of 
reuse or disposal and downstream populations. This topic also includes hygiene, 
nutrition, and the improvement of livelihood achieved by the application of a certain 







2. Environment and natural resources:  this involves the required energy, water , and 
other natural resources for construction, operation , and maintenance of the system, 
as well as the potential emissions to the environment resulting from its use. It also 
includes the degree of recycling and reuse practiced and the effects of these (e.g. , 
reusing wastewater; returning nutrients and organic material to agriculture), and the 
protection of other non-renewable resources, e.g., through the production of 
renewable energies (such as biogas).  
 
3. Technology and operation:  incorporates the functionality and the ease with which 
the entire system, including the collection, transport, treatment and reuse and/or 
final disposal, can be constructed, operated, and monitored by the local community 
and/or the technical teams of the local utilities. Furthermore, the robustness of the 
system, its vulnerability towards power cuts, water shortages, floods, earthquakes 
etc. and the flexibility and adaptability of its technical elements to the existing 
infrastructure and to demographic and socio-economic developments are considered. 
 
4. Financial and economic issues:  relates to the capacity of households and 
communities to pay for sanitation including the construction, operation, 
maintenance, and necessary reinvestments in the system. Besides the evaluation of 
direct costs, direct benefits from recycled products  such as soil conditioner, 
fertiliser, energy, and recycled water, and external costs and benefits have to be 
taken into account. External costs include environmental pollution and health 
hazards, while benefits include increased agricultural productivity and subsisten ce 
economy, employment creation, improved health , and reduced environmental risks.  
 
5. Socio-cultural and institutional aspects:  the criteria in this category refers to the 
appropriateness and socio-cultural acceptance of the sanitation system and its 
convenience, gender issues and impacts on human dignity, the contribution to food 
security, compliance with the legal framework, and stable and efficient institutional 
settings. 
3.5. Wastewater Reuse – Overseas and in Australia 
There has been some research and work done previously in other countries to make use 
of recycled wastewater and to save main scheme water. The examples of projects on 
wastewater reuse have been below as some of them are pilot projects, some are small 
and others are huge and they give a good overview of practices and some of the key 











Introduction: Germany has been using recycled water for  25-30 years to preserve their 
main scheme water resources. The GTZ headquarters consists of four multi-storey 
buildings and is located in Eschborn, 10 km northwest of Frankfurt (the financial capital 
of Germany). The urine diversion system is installed only in the central section of the 
building. The total number of persons using the u rine separating toilets was around 400 
people per working day in 2009 (SuSanA.org, 2000). This is a small project however; it 
shows reuse of wastewater on a commercial scale.  
 
Source: GTZ, www.saniresch.de 
Figure 3.5-1 – Main building (“House 1”) GTZ Headquarters 
Objectives: The GTZ headquarters in Eschborn is frequently visited by international 
GTZ staff and decision makers, making this a good location to demonstrate innovative 
ecological sanitation concepts such as: 
 The implementation of an ecological sanitation (ecosan) concept (here, urine-
diversion flush toilets, urine storage and reuse) in an urban context ; 
 To reduce the amount of water used in the GTZ House 1 building ; and 
 To research important aspects of ecosan systems in Germany. 
Design & Technology: House 1 has a central section and two wings. The urine diversion 
sanitation system is implemented only in the central section on all 10 floors. The urine 
separation and storage system that was installed during Phase 1 consists of 23 waterless 
urinals, 50 urine-diversion flush toilets for the waterless collection of urine, a separate 







Source: http://www.saniresch.de/en/project -components 
Figure 3.5-2 – Project components of GTZ 
The above Figure 3.5-2 shows project components involved in the GTZ project. The 
GTZ main building (House 1) was constructed in 1976 (38 years old) and was 
completely renovated during 2004 to 2006.  
Source: L. Ulrich, April 2009 
Figure 3.5-3 – Urine storage tank at GTZ Headquarter 
The above Figure 3.5-3 represents; on the left: plastic urine storage tanks in the basement of 
House 1 with connected urine pipe work and, on the right: urine tanks with level 







Table 3.5-1 – Technology used at GTZ Headquarters 
Water 
Resource 
Technology Used Uses Health Risk 
Mitigation 





agricultural use of urine and 
urine products on research 
plots 
None 
Brown water biological treatment 
(activated sludge) + 
membrane filtration 
agricultural use of excess 
sludge on research plots 
use of treated effluent as 
service 
water (alternative uses: 
green irrigation, 
groundwater recharge, or 
direct discharge) 
None 
Sustainability Assessment and Impacts: a basic assessment was carried out to indicate  
what strengths and weaknesses (aspects that were not emphasised) this project had in 
relation to the five sustainability criteria for sanitation set out by the SuSanA Vision 
Document (2007). 
Table 3.5-2 – Qualitative sustainability assessment of system at GTZ 
Sustainability Criteria Collection & 
Transport 
Treatment Transport and 
Reuse(not 
implemented) 
Health and hygiene  Strong Point  
Environmental and natural 
resources 
Strong Point Strong Point  
Technology and operation  No Emphasis   
Finance and economics No Emphasis   
Socio cultural and institutional Average Strength   
Source: http://www.sswm.info  
A survey of the 217 participants of the EcoSan project (a case study of sustainable 






 90% of the participants liked the idea of separating  and collecting urine and 
faeces for application as fertiliser in agriculture; 
 71% showed interest in buying products fertilised with human excreta, whereas 
only 6% would not; 
 46% agreed for using urine as a permitted fertiliser in organic agriculture, while 
12% did not; and 
 48% said they would move to an apartment with urine-diversion toilets, whereas 
25% would not. 
California, America: 
Introduction: Wastewater reclamation criteria have been enforced in California since 
1978, as issued by the California Department of Health Services (1978).  Most of the 
recycled water (78%) is used in the Central Valley and South Coastal regions of 
California. Two hundred reclamation plants throughout California produce the volume of 
treated effluent indicated above and save 0.759 Mm3/d of fresh water  (CSWRCB, 1990). 
The major wastewater reclamation systems are shown in Table 3.5-3. This is a big 
international project where wastewater is recycled and used on commercial basis.   
Table 3.5-3 – Major water reuse system in California 
Wastewater Treatment Plant Name Recycled water deliveries m
3
/d 
San Jose Creek WRP 67 101 
City of Bakersfield WTP #2 56 875 
Whittier Narrows WRP 53 648 
City of Modesto 48 630 
Fresno-Clovis Metropolitan Area Regional Wastewater Facilities 46 284 
Pomona WRP 32 435 
Laguna TP 31 560 
Michelson WRP 29 536 
City of Bakersfield WTP #3 26 447 
City of Tulare WPCF 21 114 
Lancaster WRP 18 539 
South Tahoe PUD STP 17 184 
Total 449 355 
Percent of State wide Total 50 
Design & Technology: The Office of Water Recycling of the California  State Water 
Resources Control Board recognizes four levels of treatment beyond primary treatment . 
This is based on the unit processes and on the types of effluent use taking place:   
I. Secondary treatment in stabilization ponds, including disinfection if pro vided;  
II. Other secondary treatment, for example by the activated sludge process, 






III. Title 22 tertiary treatments, using filtration and other processes intended to 
comply with the requirement in the reclamation criteria, publ ished in Title 22 of 
the California Code of Regulations (California Department of Health Services 
1978) for adequately disinfected, oxidized, coagulated, clarified,  and filtered 
wastewater, or approved equivalent. Usually secondary effluent is treated by t he 
approved equivalent of 'direct filtration', that is, coagulant addition and mixing 
directly followed by filtration; and 
IV. Other tertiary treatment, consisting of any process following secondary 
treatment, except tertiary treatment intended to comply with wastewater 
reclamation criteria in Title 22 of the California Code of Regulations.  
 
 
Source: California State Water Resources Control Board 1990 
Figure 3.5-4 – Project components of CA 
Sustainability Assessment and Impacts: In a survey reported in the 1987 review of 






treatment plants producing effluents for beneficial uses were found to provide at least 
secondary treatment. With one exception, chlorination was believed to have been the 
sole method of disinfection applied. Tertiary treatment processes falling under category 
IV were found to include filtration, carbon absorption, and redevelopment, air stripping, 
and reverse osmosis. 
The results of a five-year study have indicated that use of tertiary treated wastewater for 
food crop irrigation is safe and acceptable. No adverse impacts , in terms of soil or 
groundwater quality degradation, were observed. Conventional farming practices were 
shown to be adequate and the marketability of the produce did not appear to pose any 
problems. No project-related health problems were detected through medical 
examinations and the serum banking programme was routinely conducted for the project 
personnel. 
 Kuwait 
Introduction: Following extensive studies by health and scientific committees within 
the country and by international consultants and organizations (WHO and FAO), the 
government of Kuwait decided to proceed with a programme of sewage treatment  and 
effluent use. By 1987, four sewage treatment plants were in operation: the 150 000 
m3/day Ardiyah sewage treatment plant (secondary stage) that was commissioned in 
1971; the 96 000 m3/day coastal villages plant and the 65 000 m3/day Jahra sewage 
treatment plant that were commissioned in 1984; and a small 10 000 m3/day 
stabilization ponds treatment plant that was installed on Failaka Island. The effluent 
from the Ardiyah, coastal villages, and Jahra activated sludge treatment plants was 
upgraded in the mid1980s by the provision of tertiary treatment, consisting of 
chlorination, rapid gravity sand filtration , and final chlorination. Another project where 
reuse of wastewater have been carried out on a commercial scale. 
Sustainability Assessment and Impacts: In Kuwait, the decision was taken to exclude 
all amenity uses for the treated effluent and to restrict agricultural use to safe crops. 
Furthermore, areas of tree and shrub planting and the agricultural farm were to be fenced 
to prevent public access. An efficient monitoring system for the treated effluent, the 
soil, and the crops has been in place since the experimental farm was initiated. The 
guidelines for tertiary-treated effluent quality used in irrigation are:  
Table 3.5-4 – Tertiary treated effluent quality in irrigation 
Effluent Quality 
Suspended solids 10 mg/l 
BOD5 10 mg/l 
COD 40 mg/l 
Cl2 residual about 1 mg/l after 12 hours at 20°C 
Coliform bacteria 10 000/100 ml for forestry, fodder, and crops not eaten raw 






Even tertiary-treated effluent that meets these guidelines is not to be used to irrigate 
salad greens or strawberries. Cadmium was the only heavy metal of concern and special 
attention was given to monitoring the effluent and crops for this element and to 
measuring Cd in the kidneys of animals fed on forage irrigated with treated sewage 
effluent. Agricultural workers dealing with sewage effluent are medically controlled as a 
pre-employment measure and given periodic (6 monthly) examinations and vaccinations. 
No outbreaks of infectious disease have occurred since this procedure began in 1976. 
The impact of treated effluent irrigated vegetables on the consumer has not been 
possible to assess because no segregation of vegetables produced in this way is effected 
in the market.  
Switzerland: 
Introduction: In Switzerland, four pilot projects were carried out in apartments and 
public buildings. It was concluded that while it is possible to introduce NoMix toilets, 
close monitoring of the process is required. In addition, projects in private households 
are more problematic than those in public settings. 
Objectives:  The trans-disciplinary research project Novaquatis is concerned with urine 
source separation as a new element  in wastewater management. Their goals are to 
improve water pollution control by reducing inputs of nutrients and micro pollutants and 
to close nutrient cycles. 
Design & Technology: The photos below show the NoMix project toilet (by Roediger). 
This model has two separate bowls for urine and brown water collection and two pipe 
connections for the separated wastewater fractions. They are made of sanitary porcelain. 
The urine is collected undiluted (without flush water) by means of a valve located below 
the urinal bowl: the valve is opened when the user sits down ( Sustainable Sanitation 
Alliance, 2009). 
 
Source: L. Ulrich, April 2009  







Table 3.5-5 – Technology used at Novaquatis 
Water 
Resource 
Technology Used Uses Health Risk 
Mitigation 
Urine When the user sits on the toilet, urine 
is collected at the front and drained 
into a separate tank, while at the back 
the faeces are flushed away in the 
normal manner. The appliance thus 







Sustainability Assessment and Impacts: Following an initially favourable experience 
with water free urinals, it was long believed that no salts would crystallize from 
undiluted urine. However, field measurements indicated tha t the opposite is the case – 
i.e., blockages occur mainly when the urine is only slightly diluted or completely 
undiluted. Calculations based on computer modelling showed that less precipitation of 
salts per volume occurs with diluted than with undiluted urine. The least precipitation 
occurs when rain water is used for flushing as this avoids the addition of either calcium 
or magnesium. Although the quantity of precipitates is one of the main factors giving 
rise to blockages, it is not the only one. Also critical are the narrow diameters and 
prolonged residence of urine in pipes and siphons.  However, for modern toilets, these 
problems need to be solved pragmatically or alleviated, e.g., by rainwater flushing 
systems. 
The sanitary industry is interested in bringing good-quality NoMix toilets to the market 
and is convinced that this goal is achievable. However, as they are more expensive than 
conventional toilets, wastewater professionals, for their part, need to identify sizeable 
markets that would make it worthwhile for the industry to become involved and to 
undertake costly development work 
(http://www.novaquatis.eawag.ch/arbeitspakete/nova2/text_E_nova2). 
3.5.2. Australia 
Melbourne:    
Introduction: The CH2 Building in Melbourne has been designed , not only to conserve 
energy and water, but to enhance the quality of the internal environment to improve the 
wellbeing of its occupants. CH2 shows a new approach to workplace design and to 
creating a model to learn from. It is an ecologically sustainable design building.  
The water reuse strategy in the CH2 Building is the Black Water Treatment Plant located 
in Basement 3. As well as treating both the black water  (toilet) and grey water (showers 
and basins) waste produced by the building, the system also treat s sewerage ‘mined’ 






95 per cent water and the system in CH2 is demonst rating that sewers can be a source of 
useable water (CH2 Building Melbourne, 2013). 
About 100,000 litres of black (toilet) water a day are extracted from the main sewer in 
Little Collins Street. This sewage, along with any generated on site, will be put through 
a multi-water treatment plan. Within the treatment plant and building, rain water 
collection supplies 100% of non-drinking water for water cooling, plant wate ring, and 
toilet flushing needs (www.melbourne.vic.gov.au, 2013).  
Objectives: When selecting a wastewater system for CH2, careful consideration was 
given to quantity, quality, and space as well as the end use of the water and seasonal 
changes in demand for water. The system chosen was the Multi -Water-Reuse (MWR) 
plant, which uses three stages of filtration. To run a cost effective treatment system and 
provide enough water to meet the needs of building users, sewer mining from the main 
city’s sewer was incorporated in the design of the system. The initial plan was for a 
capacity of 45 kL/day but after further consideration this was increased to 100 kL/day to 
meet the needs of CH2 (200 Little Collins Street, Melbourne) and the Council’s water 
use requirements for the vicinity.  
Design & Technology: The MWT system is a three-stage filtration process: (i) a 200 
micron pre-screen, (ii) a ceramic ultra-filtration process (UF) and, (iii) a reverse osmosis 
(RO) process. A schematic diagram of the MWT plant is shown below.  
 
Source: Melbourne Study7TechnicalPaper 
Figure 3.5-6 – Schematic of the MWR “sewer mining” process 
The recycled water produced at CH2 using the MWR plants meets all Class A water 
criteria with some parameters, such as Total Dissolved Solids (TDS) levels at 12 mg/L 






Any incident of cross contamination is not possible due to the separation of water supply 
for human contact from non-human contact uses, such as flushing toilets, watering plants 
with subsurface flow, and cooling the tower system. The MWR process recently 
achieved Class A approval from the Department of Human Services and the EPA, which 
requires a minimum 6 log removal of bacteria and 7 log removals of viruses (Cooper, 
2005). 
Source: Melbourne City Council 











Table 3.5-6 – Technology used at CH2 building 
Water 
Resource 





MWT system is a 
three-stage 
filtration process 
100% of non-drinking water 
for water cooling, plant 
watering, and toilet 
flushing 
Class A approval from 
the Department of 
Human Services and 
the EPA using:  (i) a 
200 micron pre-
screen, (ii) a ceramic 
ultra-filtration 
process (UF) and, 
(iii) a reverse 
osmosis (RO) 
process 
Sustainability Assessment and Impacts: Water management measures implemented by 
CH2 fall primarily into four categories, namely: (i) water efficiencies, (ii) water reuse 
(rainwater harvesting and sprinkle water), (iii) water recycling, and (iv) innovative water 
saving initiatives (the shower towers, phase change materials, chilled water cooling 
system, and the plant watering system that are not covered in this study).  
CH2 is Australia’s first Green Star rated building to be awarded 6 Stars which carries an 
“international leadership” status  
(http://www.gbca.org.au/docs/GBCA_Ch2_factsheet%201.pdf). $11.3 million was invested in 
sustainability features that are expected to deliver a 10 year payback. CH2 will provide a 
healthy and productive workplace for its occupants whilst reducing the building’s impact 
on the environment through excellence in design and innovation. This is an example of 
big project of reusing wastewater on commercial scale.  
3.6. Wastewater Recycling Challenges 
3.6.1. Health Risks of Recycled Water 
Reused water is a safe and reliable alternative water source for our community. 
However, reliable treatment is essential to ensure health risks are minimised. Human 
risks from the use of reused water are primarily associated with exposure to pathogenic 
microorganisms that cause illness and, in extreme cases, lead to severe illness and 
possibly death. Pathogenic organisms can be discharged into waterways by humans 
(infected by a disease or a carrier) and are typically in high concentrations in 
wastewater. Adequate treatment is required to reduce pathogens with a risk based 
approach defining the water quality requirements for end users. Generally , a higher 







     
Figure 3.6-1 – Cryptosporidium & Giardia 
Pathogens to be removed from reused water include cryptosporidium (left; source 
www.waterfilterreview.com) and giardia (right; source www.microbiologybytes.com).  
This is discussed in more detail in chapter 4. 
3.6.2. Institution Challenges 
A basic driver of wastewater use, and also barrier to wastewater treatment and planned 
reuse in much of the world, is the dearth of effective collection and treatment systems 
for faecal matter and sewage.  While lack of appropriate infrastructure poses a constraint 
on water collection, treatment, and safe  use in some areas, there are at least two broader 
barriers to planned water reuse. These are: 
I. Limited institutional capacity to formulate and institutionalize enabling legislation 
and to subsequently conduct adequate enforcement and monitoring of water reuse 
activities; and  
II. Lack of expertise in health and environmental risk assessment and mitigation.  
One limiting factor is a lack of political will to formalize an existing use of untreated or 
partially treated wastewater due to the institutional and enforcement hurdles that must be 
put in place to support planned reuse. Governments may feel they lack the capacity an d 
budget to adequately implement these necessary reforms and thus risk causing farmers to 
lose access to existing sources of irrigation water. An underlying basis for these barriers, 
in turn, has been a funding bias towards conventional infrastructure inve stments, which 
may not always be fit-for-purpose (Nhapi and Gijzen, 2004; Murray and Drechsel, 
2011). Australia has provided technical guidance to providers and users in designing 
agreements that address the legal and technical aspects of reuse and, theref ore, allow 






3.6.3. Legislative Challenges 
Fragmentation of responsibilities for and authority over different parts of the water cycle 
is another impediment that must be overcome before water r euse projects can go 
forward. In many regions the authority over the water supply sector resides in an 
entirely different organization than that over wastewater management. This separation of 
power leads to long periods of inaction, disagreement, negotiati on, and complex 
interagency agreements that make the resulting water reuse project far more costly and 
complex than it needs to be. Regions where the same authority manages water, 
wastewater, stormwater, and the watershed are far more nimble, implementing their 
water reuse projects quickly, efficiently, and at much lower cost (Sheikh , 2004). 
3.6.4. Community Participation, Perception and Acceptance 
Additional barriers include public perceptions that may drive fear of the dangers of 
consuming food irrigated with recycled water, creating a preference for use of 
freshwater. The social acceptance of water reuse is an important consideration for urban 
development. Public concerns predominately surround (Po et al. , 2004):  
 Perceived health risks;  
 “Yuck factor” or disgus t of reusing water that once contained waste ;   
 Specific applications of reused water;  
 Source of water to be reused;  
 Trust and knowledge;  
 Attitudes about the environment;  
 Environmental justice issues;  
 Cost of reused water to the community; and 
 Socio-demographic factors.  
Public opinion has a strong influence on the success of water reuse projects. The “yuck” 
or disgust factor associated with reused water can sway public perception. Negative 
public perception can lead to the demise of water reuse projec ts. Education and 
awareness campaigns are essential for the successful adoption of water reuse projects 
(Po et al., 2004). 
It is recommended that the parameters of reclaimed water use be established in direct 
consultation with the communities involved. This will ensure the outcomes of the human 
aspects are maximised for the benefit of each community, and that recycled water fit for 
purpose, and to the satisfaction of the community is delivered. This approach would lead 








3.6.5. Financial Viability  
Costing is important to assess the relative merit of each water reuse technology option. 
It provides a better assessment of the total cost. In the past , larger scale centralised 
options were more efficient and presented a more economical solution, yet the 
surrounding infrastructure costs increased. As the system becomes larger and services a 
wider catchment, more pipes, associated pumps, transfer stations , and additional 
processes (e.g. chlorine boosting stations) will be required, contributing to a diseconomy 
of scale.  
Costing enables the entire costs over a scheme’s life time to be compared for treatment 
technologies. It provides an important economic indicator for the selection of water 
reuse technologies. The key components to a costing evaluation are:  
 Capital expenditure;  
 Ongoing maintenance and labour costs ; 
 Replacement costs and timing for significant expenditure ;  
 Life span; and  
 Decommissioning costs.  
The long-term economic viability of a reuse project also represents an important barrier 
to water reuse. Recycled water is often priced just below the consumer cost of drinking 
water to make it more attractive to potential users but this may also affect the ability to 
recover costs (Jimenez and Asano, 2008). 
3.7. Conclusion 
In general, the public tends to perceive risks differently than scientists schooled in the 
statistical analysis of risk. A growing body of research is examining the factors that 
explain the public’s perception of risk that influences decision making and project 
implementation. To build an informed constituency, pre-conceived notions about 
recycled water and its risks must be identified and addressed. In water reuse, the 
challenge may lie between the understanding of technical experts and the public’s 
perceptions of water reuse projects.  
Global experiences have demonstrated that choosing an appropriate set of technologies 
or regulations is not in itself sufficient to ensure the safety and sustainability of a given 
water reuse project, especially under resource constrained conditions. A set of factors 
must be established to support the long-term functioning of the water reuse program to 
achieve sustainability.  There are key themes emerging in the global dialogue on water 
reuse that are of relevance to Australia and that merit discussion; regardless of the 







Confidence in water and wastewater treatment technologies have grown among 
scientists, engineers, regulators, and increasingly, the general public such that the public 
and the decision-makers have security in the safety of recycled water. As the market 
grows, public awareness will increase, which has been shown to improve acceptance of 
and investment in reuse. Countries with only emerging wastewater collection and 
treatment systems will benefit from this discussion if their opportunities and constraints 
are taken into account. Case studies show an encouraging spectrum of options where 
increased sanitation and wastewater management efforts in resource constrained 
countries can move unplanned wastewater use to planned reuse, while taking advantage 
of modern treatment and post treatment options for safeguarding public health. With 
increasing population pressure for more available water resources, increasing recovery 






















CHAPTER 4: HEALTH & ENVIRONMENTAL 
RISK 
4.1. Introduction 
The fundamental precondition for water reuse is that its applications will not cause 
unacceptable public health risks. Untreated wastewater poses a serious risk of 
transmitting water-borne diseases such as cholera, typhoid, dysentery, plague, and 
helminthiasis. With medical and public health advancements, links between untre ated 
wastewater and diseases are better understood and measures to minimise exposure to 
such pathogens have been introduced. 
While wastewater reuse has substantial merits, a trade -off between the benefits of use 
and the potential health risks of that use should be carefully evaluated. These risks can 
be minimised by proper treatment, disinfection, and controlled use of recycled water.  
4.2. Key Potential Health Risk 
The most critical objective in any wastewater reuse program is to protect public health. 
A portfolio of treatment options exists to mitigate microbial and chemical contaminants 
in recycled water and to meet specific water quality goals (NRC , 2012). Other 
objectives, such as preventing environmental degradation, avoiding public nuisance, and 
meeting user requirements must also be satisfied, but the primary objective remains the 
safe delivery and use of properly treated recycled water.  
In order to put concerns about protecting public health and the environment into 
perspective with respect to water reclamation, it is important to consider several key 
questions: 
 What is the intended use of the recycled water?  
 What constituents are present in a wastewater source, and what level of treatment 
is applicable for reducing constituents to levels that achieve the desired recycled 
water quality? 
 Which sampling/monitoring protocols are required to ensure that water quality 
objectives are being met? 
Some of the key pathogens that are found in raw wastewater are summarised in  Table 
4.2-1. Besides these pathogens, untreated wastewater may contain chemical substances 
that are harmful to humans and the environment. Microbial pathogens in wastewater 







Table 4.2-1 – Pathogens potentially present in raw wastewater  
Pathogens Disease Number in Raw 
Wastewater (per litre) 
Bacteria   





Salmonella Salmonellosis, gastroenteritis 
(diarrhoea, vomiting, fever), 








coli (many other types of E. 
coli are not harmful) 
Gastroenteritis and septicaemia, 
haemolytic uremic syndrome 
(HUS) 
 
Yersinia  Yersiniosis, gastroenteritis, and 
septicaemia 
 
Leptospira Leptospirosis  






Atypical mycobacteria Respiratory illness 
(hypersensitivity pneumonitis) 
 
Legionella Respiratory illness (pneumonia, 
Pontiac fever) 
 
Staphylococcus Skin, eye, ear infections, 
septicaemia 
 
Pseudomonas Skin, eye, ear infections  
Helicobacter Chronic gastritis, ulcers, gastric 
cancer 
 
Protozoa   





Giardia Giardiasis (gastroenteritis) Up to 10
5
 





Microsporidia Diarrhoea  
Cyclospora Cyclosporiasis (diarrhoea, 
bloating, fever, stomach 
cramps, and muscle aches) 
 
Toxoplasma Toxoplasmosis  
Helminths   














Necator Necatoriasis (roundworm 
infection) 
 
Ancylostoma Cutaneous larva migrams 
(hookworm infection) 
 
Strongyloides Strongyloidiasis (threadworm 
infection) 
 





Taenia Taeniasis (tapeworm infection), 
neurocysticercosis 
 
Enterobius Enterobiasis (pinwork 
infection) 
 
Echinococcus Hydatidosis (tapeworm 
infection) 
 
Viruses   
Enteroviruses (polio, echo, 
coxsackie, new enteroviruses, 
serotype 68 to 71) 
Gastroenteritis, heart 
anomalies, meningitis, 





Hepatitis A and E virus Infectious hepatitis  
Adenovirus Respiratory disease, eye 
infections, gastroenteritis 




Rotavirus Gastroenteritis Up to 10
5
 
Parvovirus Gastroenteritis  
Astrovirus Gastroenteritis  
Caliciviruses (including 
Norovirus and Sapovirus) 
Gastroenteritis Up to 10
9
 
Coronavirus Gastroenteritis  
   
Sources: NRC 1996; Sagik et. al. 1978; Hurst et al. 1989; WHO 2006; Feachem et al. 1983; Mara and Silva 1986; Oragui 
et al. 1987; Yates and Gerba 1998; da Silva et al. 2007; Haramoto et al. 2007; Geldreich 1990; Bitton 1999; Blanch and 
Jofre 2004; and EPHC 2008. 
Pathogens are a major concern in all recycled water systems and the highest risk 
associated with pathogens is ingestion. To become infected by a pathogen a person must 
be exposed to a sufficient number of pathogens. If recycled water is fit for the in tended 
purpose, exposure will be low and infection unlikely as concentrations of pathogens in 
the recycled water and the amount of water ingested will be insufficient to cause 
infection (AGWR, 2006). 
A specific definition of safety, particularly for microb iological quality, based on the use 






microbial risk and the advantage of DALYs is that they include a measurement of the 
severity of impacts on human health arising out  of infection and illness, however, a 
number of waterborne pathogens can cause more severe and long-lasting symptoms in a 
small percentage of infected people. Determining DALYs for individual hazards 
includes considering acute impacts (e.g. diarrhoeal disease or even death) and chronic 
impacts (e.g. reactive arthritis and haemolytic syndrome). Calculation of DALYs 
includes consideration of each of the symptoms caused by a particular pathogen and the 
relative frequency of occurrence (AGWR, 2008).  
The tolerable risk adopted in the guidelines is 10–6 DALYs per person per year, which 
is consistent with the WHO Guidelines for Drinking-Water Quality. The use of DALYs, 
performance targets and reference pathogens is based on the approach described in the 
World Health Organization (WHO) Guidelines for Drinking-Water Quality (WHO, 
2006a). 
The potential transmission of infectious disease by pathogenic agents is the most 
common concern associated with the reuse of treated municipal wastewater. Fortunately, 
treatment technologies are capable of removing pathogens from water to below detection 
limits. However, it is still useful to understand what pathogenic microorganisms are 
potentially present in wastewater so that appropriate treatment can be applied.   
4.3. Key Potential Environmental Risks 
Key potential environmental risks from reusing grey water include the build -up of 
chemicals in soils and vegetation over time and their eventual recontamination of 
groundwater. Chemicals such as bleaches and disinfectants can potentially kill useful 
micro-organisms in soils and the build-up of fats and oils that cannot be broken down 
can, over time, make soils water repellent (Water Corporation, 2010).  
Recycled water use schemes should meet the following environment protection 
objectives: 
 Protect the beneficial uses of groundwater and surface water as defined in the 
relevant SEPP; 
 Avoid structural changes to the soil or contamination (for example, soil salinity 
or sodicity) that may reduce the (short or long term) productivity of the land;  and 
 Avoid contamination of the air environment by the production of offensive 
odours, spray drift and aerosols.  
To evaluate whether these objectives can be met, the following risks need to be 
assessed: 
 Soils: impacts on soils from nutrients, salts, and organic and inorganic 






o risk of soil salinity - deterioration of soil structure and loss of soil 
permeability from recycled water containing elevated salt levels, typically 
total dissolved solids (TDS) greater than 500 milligrams per litre and a 
high proportion of sodium relative to other captions (EPA Victoria 2003);  
o investigation of an SAR trigger level, typically greater than three;  
o excess sodium in recycled water can cause soil dispersion/swellin g, 
reducing water infiltration on more heavily textured soils. This can be 
difficult to remedy; 
o waterlogging effects of over-irrigation, poor drainage, and high water 
tables; and 
o impact on soil biota and risks of disease transmission to native flora and 
fauna from inappropriate management of recycled water and/or 
inappropriate stock and crop management practices.  
 Groundwater: impacts on the beneficial uses of groundwater particularly from 
salts and nitrogen, that are beneficial to cultivated plants, but can  cause 
eutrophication (excessive nutrient levels) in land and aquatic ecosystems and 
pathogens that may be present in recycled water;  
 Surface waters: impacts on the beneficial uses of surface waters from 
contaminated run-off containing nutrients, salts, metals, and pathogens from 
recycled water; and 
 Air: risk of air pollution problems from aerosols generated by the spray 
application of recycled water or odours from inadequate treatment.  
Where risk assessment indicates a relatively high risk to the environme nt, appropriate 
additional precautions should be implemented.  
4.4. Key Potential Financial Risks 
Besides the associated health and environmental risks, there are also risks or 
disadvantages associated with delayed payback periods and medium to high capital cost s 
due to the concept and technology being relatively new. This includes costs associated 
with regular testing and maintenance of the systems, as well as testing the soil to ensure 
the system is functioning properly and not contaminating the soil and eventu ally 
groundwater. Due to these costs, in some instances systems are not maintained properly 
or soil testing is not performed to avoid the perceived ‘additional’ cost. This can result 
in the contamination of groundwater or cause the system to operate ineffi ciently.  
4.5. Key Potential Legal Risks 
Treatment plant owners, operators, and recycled water end -users may be liable under 
common law and under the Trade Practices Act 1974  for the use of a product (including 






Recycled water suppliers and end-users should be familiar with the Acts, Regulations, 
Policies, and Codes of Practice, Australian Standards, guidelines, and other documents 
relevant to the use of recycled water.  
Suppliers should ensure that the legal risks associated with  recycled water reuse schemes 
are minimised. Such risk minimisation could include:  
 The implementation of “due diligence” procedures and systems, such as an 
environmental management system, that are specifically designed to prevent 
environmental and public health problems; and 
 Demonstrating they are environmentally responsible and acting diligently 
regarding recycled water supply and use (that is, complying with guidelines and 
other relevant codes and standards).  
4.6. Conclusion 
The risks associated with recycled water use must be minimised to acceptable levels 
before recycled water can be used in any specific situation (i.e., the water must be fit for 
purpose). In most cases, these environmental and health risks can be managed through 
the level of wastewater treatment or by the carefully managed use of recycled water. 
However, in some cases, these risks are too costly to manage and the reuse scheme may 
not be economically viable. Individual state/territory environment and/or health related 
authorities are generally responsible for ensuring the water recycled is fit for the 
intended use. 
A broad range of chemicals have been identified as having the potential to alter normal 
endocrine function in animals, i.e., endocrine disrupting chemicals (EDCs). At this 
stage, there is no evidence that environmental exposure to low levels of potential EDCs 
(potentially present in recycled water) affects human health because of the relatively low 
exposure. 
However, ongoing monitoring is required to ensure good risk management. 
Pharmaceutical chemicals and their metabolites, potentially found in recycled water, 
raise similar issues to EDCs (above). Health impacts from pharmaceuticals should also 
be minimal because of the relatively low exposure. However, all of these risks outlined 











CHAPTER 5: RESEARCH DESIGN & METHODS 
5.1. Introduction 
This research employs a case study methodology, based on the work of Yin (1994)  to 
explore the complexities and challenges of wastewater management in Peppermint 
Grove, a suburb of Perth in Western Australia. A case study is expected to capture the 
complexity of a single case, the methodology of which has developed within the social 
sciences in fields, such as psychology, sociology, anthropology, economics, and also in 
practice oriented fields such as environmental studies. The essence of case study 
methodology is triangulation- the combination of different levels of techniques, 
methods, strategies, or theories. 
There are multiple definitions and understandings of the case study  method of research. 
According to Bromley (1990) it can be defined as: “a systematic inquiry into an event or 
a set of related events which aims to describe and explain the phenomenon of inte rest” 
(302). The unit of analysis can vary from an individual to a corporation. While there is 
utility in applying this method retrospectively, it is most often used prospectively. Data 
comes largely from documentation, archival records, interviews, direct  observation, 
participant observation, and physical artifacts (Yin, 1994). 
5.2. Study Design 
Yin (1994) offers a very straightforward protocol approach for  a case study that 
emphasises field procedures, case study questions, and a guide for the final write up. 
This “tool” is intended to firstly guide the researcher in carrying out the case study and 
secondly to increase the reliability of the research. Similarly, Stake (1995) has proposed 
a series of necessary steps for completing the case study method including posing 
research questions, gathering data, data analysis , and interpretation. Developing this 
protocol will serve as a frame of operation and includes all the necessary elements for 
the proper conduct of student research. The following list illustrates the case study 
protocol that guides the methodology of this research: 
 Purpose and rationale for case study. 
o Significance of the phenomena of interest. 
o Research questions. 
 Design based on the unit of analysis and research purpose . 
 Data collection and management techniques. 
o Field methods. 
o Transcribed notes and interviews. 
o Mapping of major concepts. 
o Building typologies. 






 Describe the full case. 
 Focus the thematic analysis on the purpose and unit of analysis. 
 Analyse findings based on the purpose,  rationale, and research questions. 
o Case perspective. 
o Disciplinary perspective. 
o Cross-case comparison. 
o Biography, autobiography, narratives. 





In this research I have used following sources of evidence:  
 Documents - letters, memoranda, agendas, administrative documents, articles ; 
 Archival records - service records, organizational records, lists of names, survey 
data, and other such records; 
 Interviews - open-ended, focused, and structured survey; 
 Direct observation - field visit; 
 Participant-observation - studies of groups; and 
 Physical artifacts.  
5.3. Sampling Design 
Case studies can be single or multiple-case designs, where a multiple-case design must 
follow a replication rather than sampling logic. This research is selected and limited to a 
single-case design. As such, the suburb of Peppermint Grove in Perth and its innovative 
project in wastewater reuse from the Library and Council Offices will be the focus of 
this case study. 
5.4. Case Study Peppermint Grove 
The ‘Grove’, which includes the new Cottesloe - Peppermint Grove - Mosman Park 
combined Library, the Shire of Peppermint Grove’s council offices , and the community 
centre has had an on-site wastewater treatment and reuse system. The  system 
incorporates a source-separation approach and uses recycled water for irrigation. By 
using the recycled water for irrigation, the library is expected to reduce groundwater use 
by 700,000L each year (The Peppermint Grove, 2010). This system is more complicated 
than grey water systems because it also incorporates the treatment of brown and yellow 
wastewater. Each of these wastewater types including grey water, coming from showers, 
hand basins and kitchen; brown water, coming from toilets; and yellow water, from 
urinals, is being separated at the point of generation and plumbed to respective treatment 






The total cost of the integrated on-site wastewater treatment and reuse system installed 
at the new Cottesloe - Peppermint Grove - Mosman Park Combined Library was 
$550,000 according to Yew Han Goh of PS Structures Pty Ltd, the primary project 
builders. 
5.5. Data Collection Methods 
Data collection methods used in this research are:  
 Field Methods – Field visit. 
 Transcribed notes and interviews – Direct observation; Project documents 
(including meeting minutes); Questioners; Interviews. 
 Mapping of major concepts – Project reports, including quarterly reports and 
midterm reviews; Facility assessment reports; Josh Byrne and Associate. 
 Building typologies – The Peppermint Grove Council Office. 
 Member checking.  
 Internet and Research paper.  
5.6. Research Ethics 
This research uses the Peppermint Grove Council’s wastewater management project as a 
case study where wastewater is recycled and used within an office environment. I am 
assessing the health risks of this project as compared to National Guidelines.  
A case study is a story about something unique, special, or interesting . Stories can be 
about individuals, organisations, processes, programs, neighbourhoods, institutions, and 
even events.  The case study documents the story behind a result by capturing what 
happened to bring that result about and provides opportunity to highlight a project’s 
success, or to bring attention to a particular challenge or difficulty in a project. Cases 
might be selected because they are highly effective, representative, typical, or of special 
interest. 
Case studies do not have set elements that need to be included; the elements of each will 
vary depending on the case or story chosen, the data collected, and the purpose. 
However, case studies typically describe a program or intervention put in place to 
address a particular problem. Therefore, I provide the following elements  to be 
addressed in this case study: 
 The Problem; 
 Steps taken to address the problem; 
 Results; 
 Challenges and how they were met; 
 Beyond Results; and 






CHAPTER 6: CASE STUDY 
6.1. Peppermint Grove Wastewater System 
6.1.1 Introduction 
Every innovation has to stand the test of real -life conditions and technologies can only 
be refined with the aid of practical projects. For this project, the Peppermint Grove 
community building, “The Grove”, is the focus of a case study where new technology in 
rain water and wastewater (grey, brown, and yellow water/urine) treatment and reuse has 
been applied to achieve sustainability.  
The building is located in Peppermint Grove  (suburb) on the corner of Leake Street and 
Stirling Highway in Perth, Western Australia. It is jointly funded by the Towns of 
Cottesloe, Mosman Park, and the Shire of Peppermint Grove (PGCMP councils). The 
Grove building has climate sensible building design with thermal maze, heat exchange, 
20 kW solar panels, future wind generator, wastewater treatment, rainwater harvesting, 
and water wise landscaping. Below, Figure 6.1-1shows the Peppermint Grove Building.  
 
      
Source: Josh Byrne & Associates 
Figure 6.1-1 – The Peppermint Grove building, front view and side view. 
 
Like most organisations that have responsibility for providing such services, the aim of 
the building is to provide a physical environment that creates a real sense of place.  This 
building replaced the old and outdated council offices and library and  is a prominent 
feature of the suburb that is useful for the community as a new facility. The goal of this 









6.1.2 Technology and Design 
Before discussing technology and design, I will verify that the Peppermint Grove 
wastewater system was planned according to the “Guidelines for Non-Potable Use of 
Wastewater in WA” (Department of Health, 2011). 
The chart below explains the techniques used in the Peppermint Grove building that 
utilises a dual filter cartridge system to remove sediment while an activated charcoal 
filter removes odour and some metal ion contaminants. The larger concrete RW tanks 
(47,000 L) and its lid each weighed 10 tonnes. There were 6 external tanks ranging from 
15,000 L to 47,000 L used. 
Source: PGCMP building  
Figure 6.1-2 – Flow diagram rain water 







Source: JBA 2010 
Figure 6.1-3 – Rain water collection & wastewater reuse 
6.1.3 Methodology 
The system was approved by the DoH (see Annexure 1) and met the new guidelines for 
the “Use of Recycled Water in Western Australia” that outlines the approval process and 
all relevant reporting and monitoring requirements. This document prescribes the use of 
the HACCP methodology (Hazard Analysis Critical Control Point) as part of the risk 
management approach adopted from the Australian Guidelines for Water Recycling as 
below: 
 Provide a proportion of landscape water demand (i.e. , substitute bore water with 
wastewater); 
 Effectively manage and utilise nutrients from the wastewater stream for 
landscape plant requirements; 
 Recharge the shallow aquifer to offset bore water use for landscape demands that 
exceed wastewater volume; and 
 Reduce volumetric and pollutant concentration sewer loadings.  
It aligns with water conservation objectives and is supported by a commitment to 








Source: Peppermint Grove Building 
Figure 6.1-4 – Wastewater collection system 
6.1.4 Proposed Features 
 Approved Brown water and Grey water system being used at Peppermint Grove ; 
 Yellow water was on a five year “demonstration trial” with monitoring; 
 A Recycled Water Quality Management Plan (RWQMP) has been developed;  
 A Drinking Water Quality Management Plan (DWQMP) has been developed ; 
 Efficient removal of phosphorus > 99%, but a lso includes; 
o Pathogenic bacteria removal (>99.999%), 
o Nitrogen removal (50-90%), 
o BOD removal (>90%), 
o Removal of most heavy metals to less than typical detection limits and effluent has 
only a few parts per million of suspended solids. 
 Water Efficiency; 
 High efficiency fixtures, fittings, and appliances; 
 Waterless urinals; and  
 Urine separating toilet pans. 
6.1.5 Usage 
Recycled water is used for laundry taps and flushing toilets to meet 100% of internal 
water demand and as an alternate source of supply. The rain w ater is used by Library 






6.1.6 Water Harvesting Sources 
Sources of wastewater including grey water, brown water, and yellow water, is collected 
from the library and council offices. 
Grey Water: The source of grey water is from bathrooms, basins, and showers. The 
volume of grey water generated from the library and council offices has been estimated 
as 900 – 1100 litres per day (depending on low and high occupancy rates). Accord ing to 
the approach that was taken, it was recommended that the grey water system be designed 
and sized to handle volumes based on projected high occupancy rates of the library and 
council offices. This recommendation was approved by the Council Project Steering 
Committee. 
It has been recommended that low phosphorus  and low sodium based soaps and cleaning 
products are to be used throughout the premises to reduce potential impacts on soil and 
plant health (these practices will need to form part of the buildi ng’s user manual). 
Brown Water: The source of brown water is from toilets and kitchen. The approximate 
volume of brown water generated from the library and council offices has been 
estimated at between 900 – 1700 litres per day (depending on low and high occupancy 
rates and the toilet/urinal fixtures used). For the brown water treatment system there are 
three Biolytix tanks – one biogrinder pre-treatment unit and two domestic treatment 
units. The fourth tank is the pump out tank. Each day, about 1000 L can be treated and 
used for lawn irrigation. 
 
Source: Peppermint Grove 
Figure 6.1-5 – Biolytix tank 
It has been recommended that the brown water system is designed and sized to handle 






Project Steering Committee. 
 
Source: Peppermint Grove 
Figure 6.1-6 – Brown water pump out 
Each Biolytix tank was seeded with a mixture of worms and other compost organisms. 
The line to irrigation had to first pass through a disk filter and a tech filter that prevents 
root intrusion into the drip line. Pressure gauges enable visible monitoring of any filter 
blockages. 
Yellow Water: Approximate volumes of yellow water have been estimated at between 110 
litres for low occupancy and 135 litres for high occupancy  per day. It has been 
recommended that the yellow water system is designed and sized to handle high 




Source: Peppermint Grove 






Three 10,000 L storage tanks (with riser tanks) and one sedimentation tank were 
installed to capture and treat urine from male urinals and female separating pans. The 
female pans haven’t been installed as yet but provision has been made for when an 
approved pan is available.  
6.1.7 Reticulation Network for Wastewater System 
The design incorporates state of the art technology for sanitary nutrient capture and re -
use. It also aligns with water conservation objectives and is supported by a commitment 
to reliable operation and on-going maintenance provided by the local government body. 
The water is used in gardens, toilets, and wash basins. Wastewater is considered viable 
for re-use by means of separation into brown water (toilet and kitchen effluents) and 
grey water (laundry, bathrooms, and showers).  The proposed wastewater treatment and 
re-use system is world class and a first for Western Australia.  
Source: JBA 2007 








6.1.8 Awards won by Biolytix® System 
Biolytix® has won many prestigious awards since its inception.  Awards include: 
1. Sunshine Coast Excellence in Business Awards ‘Clean and Green’ Award – 2006 
-In 2006 the Sunshine Coast Business Awards created a new Award, the ‘Clean and 
Green’ Award for local business exhibiting environmental excellence.    
2. The EPA’s (QLD) Sustainable Industries Award – 2006 - The EPA’s Sustainable 
Industries Awards showcases Queensland’s ‘best and most innovative sustainability 
practices in business and industry’.  
3. ATSE Clunies Ross Award for Science Innovation – 2006- The inventor of the 
Biolytix® System, Dean Cameron, won this award in 2006.  
4. Australian Technology Showcase – 2006 - Biolytix received the Queensland 
Member of the Year Award. 
5. A Global Environmental Technology Award – 2005 - Competing internationally, 
Biolytix® Technologies was the only sewage and wastewater treatment system to 
win a Global Eco-Tech Award at the World Expo in Japan, 2005.  
6. Premier of Queensland’s Smart Business Award – 2005 - Biolytix® was awarded 
the 2005 Premier of Queensland's Smart Business Award for ‘The Rising Star’ and 
won $10,000. 
7. Green Plumber’s National Award  – 2005 - Biolytix® was awarded the Green 
Plumber’s ‘Judge’s Choice for the Highly Commended Product of the Year’ in 2005.  
8. A Double Winner on ABC TV’s “The New Inventors” – 2004 - Biolytix® was a 
double winner – winning both the Judge’s Award and the People’s Choice Award in 
June 2004.   
6.1.9 Summary 
The Peppermint Grove project will work as an education program to:  
 Create support, pride, and enthusiasm towards the ESD innovations;  
 Reinforce community values and practical benefits of integrating ESD options 
into their homes and lifestyle; 
 Influencing the habits and choices of residents and ratepayers; and  
 Provide an engaging platform to influence schools, educators and other key 
groups. 
6.2. Health Risk Management 
Quantification of the microbial health risk threats associated with recycle d and 
alternative water used for domestic and urban purposes may be achieved using separate 
but complementary research approaches: epidemiological and/or quantitative microbial 






Epidemiology provides information about characteristics and behaviours that may 
increase (or reduce) the risk of disease and a means to evaluate public health or 
therapeutic interventions. In epidemiological studies, the risk of illness developing in 
groups with differing degrees of exposure to the pr esumed risk factor are compared to 
determine whether the exposure is associated with adverse health outcomes. The merit of 
well conducted epidemiological research is that it can measure the actual effect on the 
population being exposed under real life conditions. Results of such studies have been 
successfully used to reduce uncertainty in risk assessment and in the evaluation of the 
beneficial effects of public health control measures. The disadvantage of 
epidemiological studies is that measuring health effects can be performed with only 
limited sensitivity. Therefore, in the context of researching health outcomes from using 
recycled water, it is possible that small increases in illness among exposed populations 
cannot be detected, even by targeted epidemiological studies. Another disadvantage of 
this approach is the high cost, as recruitment of a large number of participants would be 
required.  
Quantitative microbial risk assessment is a process that permits prediction of the risk 
associated with human exposure to specific micro-organisms. This contrasts with 
epidemiology where the focus is on clinical outcomes rather than specific pathogens. 
Estimation of risk is accomplished by using existing data to model and extrapolate what 
might be occurring in ‘real life’. There are four broad steps to QMRA: hazard 
identification, dose response assessment, exposure assessment, and risk characterisation. 
(www.racgp.org.au).The merit of QMRA is that it can estimate very low levels of risk. 
However, there are major sources of risk assessment uncertainty which are difficult to 
estimate directly due to limitations of monitoring procedures and available data. 
Nevertheless, this method has been used in the development of recently released 
Australian national water recycling guidelines for non-drinking use and draft guidelines 
for augmentation of drinking water supplies .  
According to guidelines for the non-potable use of water in WA, the recycled water at 
Peppermint Grove comes under two categories as per below:  
Agricultural uses for recycled water are diverse. Some current agricultural uses at 
Peppermint Grove include:  
 Trees/woodlots (extra low risk);  
 Flowers (low risk); and 
 Nursery.  
Municipal uses covered at Peppermint Grove are: 
 Irrigation for gardens; and 






Recycled water is treated to a level that is ‘fit for purpose’ ; that is, recycled water must 
be treated to a level that is suitable for its end use (Guidelines for the Non -potable Uses 
of Recycled Water in WA, 2011) 
The level of treatment and monitoring that is required depends on the final application 
of the recycled water. End uses have been split into 4 levels of ‘Exposure Risk’ (see 
Table 6.2-1 for a list of the associated end uses):  
 High – requires the highest quality of end use water and rigorous bar riers, 
safeguards, and monitoring regimes.  
 Medium – has moderate risk, usually reduced from a high risk category through 
barriers and safeguards.  
 Low – presents a low risk to human health (minimal contact) . 
 Extra Low – negligible risk. 
With reference to Table 6 below (Guidelines for the Non-Potable Uses of Recycled 
Water in WA), the potential level of exposure that end users will have to the recycled 
water at Peppermint Grove are: 
Table 6.2-1 – Exposure risk levels at Peppermint Grove 
Exposure risk levels End Uses 
High 
Toilet flushing 
Washbasin taps water 
External surface irrigation 
Low 
Gardens 
Sub soil irrigation for trees 
Extra Low Flowers 
 









Validation and verification monitoring
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Weekly Weekly Y 




















SS <10 mg/L Not required Weekly  










































Coliphages <1 cfu/100mL Fortnightly Weekly Y 
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Weekly Weekly Y 
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Disinfection Cl: 0.2 – 
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Flowers No monitoring required 






In order to determine the efficacy of a treatment  for a recycled water supply, 
microbiological indicator organisms are used to demonstrate that pathogens are reduced 
to a safe level for the intended end use in the final water product. The efficacy of the 
treatment train can be assessed by measuring the log reduction in the presence of 
indicator organisms at critical control points.   
DALYs are the metric can be used to define tolerable microbial risk and the advantage 
of DALYs is that they include a measurement of the severity of impacts on human health 
arising out of infection and illness , however, a number of waterborne pathogens can 
cause more severe and long-lasting symptoms in a small percentage of infected people 
(AGWR, 2008). The tolerable risk adopted in the guidelines is 10–6 DALYs per person 
per year, which is consistent with the WHO Guidelines for Drinking -Water Quality 
(WHO, 2006a). 
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Ongoing monitoring of coliphages and 
clostridia is dependent on the outcomes of 
the validation monitoring. For third pipe 
schemes where chlorine is not used as the 
primary disinfectant, chlorination will be 
required to provide a measurable residual at 
the point of use. Chorine residuals will be 
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Table 6.2-4 – Log reduction targets for designated uses of recycled water valid for Peppermint Grove 
 End uses of recycled water Log reduction targets Water quality objectives 
Virus Protozoa Bacteria 
Municipal use with 
unrestricted access and 
application 
5.0 3.5 4.0 • E Coli <1 MPN or cfu /100Ml 
• Disinfection (chlorine residual or 
UV) 
Municipal use with 
restricted access and 
application 
5.0 3.5 4.0 • E Coli <1 MPN or cfu /100Ml 
• Disinfection (chlorine residual or 
UV) 
• BOD<20 mg/L 
• SS<30 mg/L 
Municipal use with 
enhanced restrictions on 
access and application 
5.0 3.5 4.0 • E Coli <1 MPN or cfu /100Ml 
• Disinfection (chlorine residual or 
UV) 
MPN: most probable number; cfu: colony forming unit; BOD: biological oxygen demand; SS: suspended solids. 
The following indicator organisms have been selected to indicate water quality:  
Table 6.2-5 – Organisms at Peppermint Grove  
Organism Present Treated Compliance (Yes/No) 
Escherichia coli Y N Yes 
Coliphages Y N Yes 
Clostridia Y N Yes 
Helminths Y N Yes 
 
6.3. Environment Risk Management 
In order to identify key environmental hazards , an environmental risk assessment was 
conducted.  While evaluating environmental risk, Peppermint Grove council considered 
the potential effect of reused wastewater on the receiving environment in relation to: 
concentration, contamination, eutrophication, loss of biodiversity, nutrient imbalance, 
odour, pest and disease, salinity, sodicity, toxicity and waterlogging.  
Based on the environmental risk assessment, a Nutrient and Irrigation Management Plan 






irrigation of nutrient rich recycled water. The major component of the NIMP was an 
investigation of the properties of irrigated soils, the concentration of nutrients in the 
recycled water, and the assessment of nutrient management practices.  
Peppermint Grove schemes using less than 20 kL of recycled water per day may have a 
direct or indirect impact on the receiving environment . Therefore, DOH advised bi-
annual or annual nutrient monitoring for total phosphorous and total nitr ogen in recycled 
water according to Recycled Water Guidelines in WA, 2008. 
According to guidelines, factors that are considered before irrigating recycled water rich 
in nutrients include: 
Table 6.3-1 – Minimum ongoing monitoring requirements at Peppermint Grove 
Factors Considered at 
Peppermint 
Grove 
Yes / No 
The water quality and nutrient application rate and frequency Y 
Site environmental factors such as soil types, climate, and land slope Y 
Proximity of the intensive land use area to surface water bodies (including  Y 
ephemeral streams) and depth to groundwater  
Potential travel pathways for any leached or eroded contaminants Y 
Site history and contaminant contributions from surrounding land areas Y 
Value and importance of local water resources to the community Y 
The quality of local waters and their sensitivity to harm Y 




6.4. Evaluation and Monitoring 
In 2008 Australia was the first country to develop Australian Guidelines for potable 
water reuse with the release of Phase 2 of the  Australian Guidelines for Water Recycling 
(AGWR): Augmentation of Drinking Water Supplies (EPHC, 2008). The AGWR provides a risk 
management framework rather than simply relying on end -product (recycled water) 
quality testing as the basis for managing water recycling schemes. They include 
concentration-based numeric guidelines for at least 86 pharmaceuticals in recycled 
water. The guideline concentrations are based on application of a safety factor of 1,000 
to 10,000 relative to a single therapeutic dose. These are not mandatory and have no 
formal legal status, but were provided as nationally consistent guidance for water 
recycling projects. In general, the guideline concentrations are far higher than 






While there is no definitive risk assessment tool for some types of trace chemical 
constituents in recycled water, the Australian Guidelines do provide a methodology for 
evaluating the potential risk of known and emerging chemical constituents 
(NHMRCNRMMC 2004; EPHC 2008; and Snyder et al. , 2010). According, to 
Peppermint Grove Case Study the system is fully functional at site for recycling and 
reusing of grey water however, it is not satisfactory for yellow and brown water.  
6.4.1 Monitoring Requirements 
The table below gives information that outlines the minimum pumping, metering, and 
monitoring requirements for the wastewater treatment and re -uses initiative as well as 
the best-practice options that has been implemented in this area. 
Table 6.4-1 – Wastewater monitoring description & frequency at Peppermint Grove 




Total wastewater (influent) treated by the recycled 





Total recycled water flows should be recorded for 
all recycled water delivered to end users and all 




Details of results of analytical testing should be 
maintained. Incidents of exceedance of critical 
limits should be recorded. 
Fortnightly, Monthly, 




Details of online monitoring should be maintained. 






Where applicable, the volumes and occurrence of 
discharges from the system to the sewer such as 
overflows or waste streams should be recorded as 
per conditions set by the local water authority. 
As per condition set by 
local water authority 
Energy Total energy consumption for the recycled water 
system should be recorded 
Regularly 
Maintenance Any maintenance on system components should be 
recorded and these records maintained. All on–site 
plumbing works are to be documented 
Fortnightly, Monthly, 
Quarterly and Annually 
Complaints Any complaints relating to the recycled water 
system shall be recorded, including the action taken 
and the outcome 
Fortnightly, Monthly, 
Quarterly and Annually 
Incident 
Reporting 
In the event of incident or non-conformance, an 
incident report should be prepared, including 
detailed information regarding the incident, any 
Fortnightly, Monthly, 






corrective actions, results of any monitoring, 
correspondence, and any preventive actions. Where 
critical limits for water quality or system operations 
are exceeded, each event shall be logged as an 
incident and reported. 
Emergency 
Reporting 
Emergency events should be recorded and reported 
as soon as practicable including the incident, date, 
time, immediate corrective actions, any monitoring, 
and proposed further actions. An emergency 
incident report detailing the monitoring results and 
the preventive actions should also be added. 
As soon as work carried out. 
Source: WA Code of Practice 
 
6.4.2 Maintenance 
Grey water:  An already approved system from the DoH has been used that allows 
maximum utilisation of the available grey water with minimum operation and 
maintenance requirements.  Grey water is discharged directly to the plant’s root zone via 
subsurface/strata drip irrigation as per the requirements of the Department of Health 
(Code of Practice for the Re-use of Grey Water in Western Australia, 2005). 
Brown water: An already approved system from the DoH has been used for brown water 
which system consists of a low energy, low maintenance aerobic treatment unit 
(Biolytix) with discharge to subsurface/strata irrigation.  Overflow to sewer is provided 
at all critical points as shown on the drawings.  
Yellow Water: This system requires some maintenance as this is the first  of its type 
trialled in Western Australia. For maintenance, the council is responsible for liaising 
with the contractor for initially requesting a fortnightly report, then monthly, quarterly, 
and then annually. The yellow water system represents separation of domestic 
wastewater by incorporating waterless urinals for the male toilets and urine diverting 
toilet pans for the female toilets.  
6.4.3 Incidence Management Procedure 
The incident management procedure steps are as follow: 
I. Incident detection and recording. 
a. Identify incident. 
b. Record incidence in the incidence reporting form (Annexure 3). 
c. Report incidence to concerned authority. 
II. Classification and initial support. 






b. Provide initial support to rectify incident . 
III. Investigation and diagnosis. 
a. Investigate how incident happened. 
b. Identify cause of incident. 
c. Diagnosis of incident. 
IV. Resolution and recovery. 
a. Identify solution. 
b. Implement solution and resolve incident . 
c. Update incident reporting form. 
d. Notify concerned parties. 
V. Incident closure. 
a. Close incident. 
VI. Incident ownership, monitoring, tracking and communication. 
a. Generate incident report. 
b. Evaluate performance metrics. 
c. Conduct performance review. 
d. Identify if there is still any critical issues . 
VII. Establish incident framework management. 
a. Create a framework so that incident not occurred again . 
VIII. Evaluation incident framework management. 
 
6.4.4 Reporting Requirement 
Initially, the report will be prepared fortnightly, then followed monthly and quarterly, 
and then on an annual basis. It will be issued by the contractor and will be revised by the 
council. An operator will be responsible for preparing an audit/compliance report for the 
DoH, with a timeline based on the risk level exposure of the recycled water supply and 
the conditions of approval to operate agreement. The audits will confirm that 
management requirements and operational strategies are being adhered to and any non-
compliance issues or other incidents are dealt with an effective and efficient manner. All 
auditing is to be undertaken by an accredited, independent, third-party auditor. 
6.4.5 HACCP 
Health risk assessment is the overall process which is used for risk identification, risk 
analysis, and risk evaluation. The risk management process for recycled water follows 
the Hazard Analysis Critical  Control Point (HACCP) system. The HACCP is a 
systematic approach to the identification of hazards  and their prevention with a focus on 
process control to ensure that prevention measures are operating effectively. The first 








Table 6.4-2 – Qualitative measures of risk likelihood  
 
 
Table 6.4-3 – Qualitative measures of consequence or impact 
 
 
Table 6.4-4 – Qualitative level of risk estimation 








Risk management and Critical Control Points 
Once risks have been identified, the next step is to put systems in place to 
manage/mitigate these risks. For recycled water supply systems, the Hazard Analysis 
and Critical Control Points (HACCP) process is an effective method for devising a risk 
management system. The HACCP process requires the ident ification of Critical Control 




Step 1 - Conduct a hazard analysis  
A hazard is an event that must be prevented, eliminated, or reduced to an acceptable 
level to produce safe recycled water. Hazards may be biological, chemical, radiological , 
or physical. Generally, the hazards of greatest concern for recycled water are those that 
are biological (pathogens). However, it may be appropriate to consider chemical  and 
physical hazards depending on the water source (NWQMS, 2006). 
The hazard analysis consists of three steps, which should be documented:  
1. Identify hazardous events at each step in the process that may impact on recycled 
water quality;  
2. Determine the risk and significance of each hazardous event and what will be the 
consequences of that event; and  
3. Identify control measures for each hazardous event.  
Step 2 - Determine Critical Control Points (CCPs)  
A CCP is a point, step, or procedure at which control can be applied and a hazard can be 
prevented, eliminated, or reduced to acceptable levels. Some systems have several CCPs 
and some may have multiple CCPs for the same hazard.   
Health risk assessment – Process. 
 Hazard assessment: 
o Hazard identification – identify a hazard that might be present and its 
associated effects on human health; 
o Dose-response assessment – identify the relationship between dose of 
hazard and incidence / likelihood of adverse health consequences ; 
                                                          







o Exposure assessment – assess the size and nature of the population 
exposed to the hazard, the route, and duration of exposure; 
o Risk characterisation – perform integration of data on hazard presence, 
dose response, and exposure; and 
o Health risk assessment report – report findings and details of a health risk 
assessment in clear and logical manner . 
Step 3 - Establish critical limits  
Critical limits are assigned to each control measure at a CCP. All CCPs must have limits 
for their operational parameters that are defined and validated. When a critic al limit is 
not met, corrective actions should be immediately taken to resume control of the 
process.  
Step 4 - Monitoring  
Monitoring is the planned observations or measurements  taken to provide a record. All 
critical limits have associated monitoring act ivity to ensure that the critical limit is met. 
If monitoring indicates that the critical limit has not been met then corrective action 
must be taken. 
Step 5 - Establish corrective actions  
Corrective actions are taken when a critical limit is not met. If a critical limit is 
indicative of the treatment process providing sufficient pathogen removal, then the 
corrective action for not meeting that limit might be to stop recycled water delivery to 
end users. Corrective actions ensure that the CCP is brought un der control. If a violation 
limit occurs, recycled water will be diverted or the system will be shut down.  
Step 6 - Establish verification procedures  
Verification procedures are used to determine whether the control measures are effective 
and whether the water quality management plan is being implemented appropriately.  
Step 7 - Establish documentation and record keeping  
Documentation is required as proof of compliance to the HACCP plan and to provide a 
legal defence for due diligence. HACCP records shou ld be dated and signed. 
Documentation should include:  
 Information used to develop the HACCP plan;  
 CCPs, critical limits, monitoring, and corrective actions;  
 Standard operating procedures relied upon or specifically developed for the 
HACCP plan;  






 Records generated as a result of monitoring; and  
 Reviews and modifications to the HACCP plan.  
 
Source: (Adapted from the codex alimentarius, WHO) 
Figure 6.4-1 – Flowchart illustration of the HACCP process 
6.4.6 Statement of Issues 
It has been found that the system of recycling (yellow and brown water) at Peppermint 
Grove was not satisfactory. After carrying out the Evaluation and Monitoring it is fou nd 
the results are not up to the mark for yellow and brown water, however, it was 
satisfactory for grey water but requires improvement. I have liaised with Shire, carried 
out surveys, done interviews and visited site and found that data was not recorded 
properly and poor building management system (BMS) back up support at the site. The 
BMS initial design was to fully integrate all the Environmentally Sustainable Design 
(ESD) systems into one control station however, later it shows issues with the water 







Liaised with external contractors and the Shire to understand operational experiences 
with the water ESD systems and I have been advised that BMS Provider was not able to 
enable data extraction; No BMS output reports to enable quantification of the 
performance of the water ESD systems and no access to documents on the 
commissioning by the BMS provider . Below figure 6.4-2 shows Water ESD system. 
 
Source: The precinct Grove (2012) Water Systems (http://thegroveprecinc t.com/the-building/water-
systems/) 
Figure 6.4-2 – shows Water ESD System 
It has been found that there was poor effluent quality of wastewater and system 
clogging; Biolytix was shut down completely in Sep 2012;  and the brown water was 
directed to the sewer without treating.  
 
6.4.6.1 Maintenance and Management Issues 
 Lack of budget for on-going maintenance;  
 High price of the construction would require high maintenance ;  
 No maintenance scheduling in the BMS and no interaction between water 
maintenance contractor and the BMS;  
 Lack of training for the operators and managers on the ESD systems and the 
BMS;  
 Lack of support from Shire for maintenance and operation of the water ESD 
systems; and  






This has resulted in recycling of grey water satisfactory with some improvements before 
its release into the natural environment and further use however, recycling of yellow and 
brown water was not satisfactory. 
6.5. Governance and Responsibility 
This section explains who will act as the governing body for required maintenance and 
reporting that must be carried out: 
 Contractor responsibilities – it is the contractor’s responsibility to supply 
periodic maintenance for the system as per the Department of Health’s 
requirements; 
 User responsibilities – it is also user’s responsibility to report if the system 
requires maintenance ; 
 Water sampling and testing -  for the safety of the public, water sampling and 
testing should be carried out frequently; 
 Equipment inspection – equipment should be inspected regularly so that the 
system runs smoothly; 
 Audits and sampling – it is important to perform audits and sampling  of the 
water; 
 Reports – it is also important to deliver  annual reporting and to nominate a 
person to perform this reporting; and 
 Council responsibilities - strict adherence to operational guidelines and codes of 
practice are required of the council . 
 
6.5.1 Duty of Care Holder 
The council is the primary care holders who will subcontract contractors to be 
responsible for a thorough assessment of the complete system to the satisfaction of the 
Superintendent. It is the responsibility of the contractor also to supply operation and 
maintenance manuals prior to commissioning and to supply periodic maintenance as per  
the requirements of the DoH as required by the council. It is also the responsibility of 
the council to provide the annual reporting and to nominate someone to perform this 
reporting.  
6.5.2 System Operator Competency 
The contractor is responsible for supplying and installing all materia ls as per the 
manufacturers’ specifications and in strict compliance with the Australian Standards, 
Australian Plumbing codes (AS 3500) and Health Regulation Guidelines. The following 
will apply: AS/NZS 1547:2000 on-site domestic wastewater management guidelines for 






It is the responsibility of the Contractor to co-ordinate with other trades during the 
installation of all wastewater treatment systems. This is of particular importance with 
respect to the plumbing/pipe work which are installed in accordance with the hydraulics 
scope of work and associated specifications. Co-ordination with the electrical contractor 
is also required. 
All pipe work to the three independent wastewater treatment systems are installed in 
accordance with the hydraulics scope of work and associated specifications. Connecting 
all pipe work to the treatment system had been undertaken by a licensed plumber. All 
connections to electrical services are undertaken by a licensed electrician. 
All treatment systems are installed in accordance with the manufacturer’s specifications. 
All excavations had been inspected by the superintendent prior to installation of any 
tanks and prior to any backfill being placed.  
The mechanical services contractor is to supply the BMS (Building Management 
System) switchboard which will incorporate all connections for hydraulic/irrigation 
items requiring connection to the BMS. The location of the BMS switchboard is located 
on the mechanical services drawings. It is the responsibility of the irrigation contractor 
to connect all installed equipment to the BMS switchboard, which includes cabling and 
all associated items (such as cable trays and conduit s) required for cable installation. 
The successful contractor had provided these drawings and materials list within three 

















CHAPTER 7: CONCLUSION 
Current global evidence indicates that the demand for supply of safe, useable water is 
increasing and becoming more challenging; due to the growing expense of those supplies 
and the damage to our environment in sourcing them. The search for a reliable 
alternative source of water has triggered the development and reuse of wastewater. 
Accordingly, in many countries recycling and reuse have come to occupy a prominent 
place in water and wastewater management.   
In line with this thinking, this research was concerned with the reuse of wastewater in 
urban Western Australia and aspiring to reduce the associated health risks inherent in 
reusing waste and rain water in compliance with various guidelines.   
Peppermint Grove’s recycled water system is a novel project in Western Australia . In 
this project, recycled wastewater is used via subsurface drip irrigation, to reduce the 
health risks. This project involved the first public building in the Perth metropolitan area 
to: 
 Have its own rainwater supply for 100% of internal potable uses;  
 Incorporate onsite separation, treatment , and reuse of grey water, brown water, 
and yellow water; 
 Reuse wastewater that supplies a proportion of landscape water demand for 
irrigation  and substitutes bore water; 
 Effectively manage and utilise nutrients for plant requirements;  
 Recharge the shallow aquifer to offset bore use; 
 Boast other key water-related elements including onsite treatment of stormwater, 
waterless urinals, urine diverting toilet pans and high water-efficiency 
fixtures/fittings; 
 Reduce the load to the sewer system; and  
 Use a landscape design and irrigation system that integrates wastewater and 
storm water systems for water conservation. 
The objective of the research was to generate a deeper understanding of the problems 
related to wastewater and health risk management. For clarification , it suggested the 
following actions were carried out to generate this understanding and provided 
discussion with reference to how the aim has been achieved or not :  
1. Investigated the process of wastewater (grey, yellow and brown water) recycling 
innovation in urban Western Australia; 
2. A case study is used to investigate cutting edge wastewater and rain water usage in 
a public building in an urban area;  and 
3. Examined the implications of guidelines of wastewater usage in the Peppermint 






Risks associated with using recycled water  were managed by using guidelines and risk 
management principles. These guidelines and best management practices have been 
developed from extensive research in Australia and around the world and are also based 
on basic principles of risk management. The Australian Guidelines for Water Recycling 
adopted ‘fit for purpose’ treatment categories in place of the former Class A to D system 
and the Hazard Analysis and Critical Control Point (HACCP) system to manage risk s.  
HACCP is now the international standard for food safety. When guidelines and best 
practice principles are followed, users and consumers can be confident that it is safe to 
work with recycled water knowing that the recycled water is safe and, therefore, human 
health and the environment are not adversely affected. 
After comprehensive investigations, no clear deleterious effects were identified. 
Furthermore, water treated in preparation for recycling was shown to be of satisfactory 
quality for its intended application. Risks associated with reuse (while never zero) are 
successively decreased with increasing levels of treatment.  
In conclusion, the specific findings of this study were: 
1. No clear deleterious health effects from the planned grey water recycling schemes 
were observed. 
2. As judged by guidelines and standards, the quality of grey water intended for 
recycling was satisfactory before its release into the natural environment and further 

















CHAPTER 8: FURTHER RESEARCH QUESTIONS 
8.1. Research Questions 
1. What will be the health risk issues of yellow water?  
2. How to resolve the problems related to public health  for yellow water?  
3. What are the public health risks of using rain water? 
 
8.2. Further Research 
Further research could find ways to encourage the use of recycled water and to provide 
guidance on how to accomplish this use without negatively impacting on public health or 
the environment.  
8.3. Research Outcomes 
1. An investigation of an innovative process of wastewater recycling in urban Western 
Australia through this case study is completed. 
2. Assessed health risk management for a wastewater recycling project. 
3. A case study that examines the cutting edge use of wastewater and rain water in a 
public building in an urban area has been completed. 
4. The examination of the implications of guidelines that govern wastewater use in 
urban Western Australia, considering health risk management  considered. 
5. An analysis of the framework for planning and implementation of  reuse of 
wastewater. 
6. An exploration of a project which is the first public building in the Perth 
metropolitan area to have its own rainwater supply for 100% of internal potable 
uses.  
7. The examination of an integrated onsite system for separation, treatment, and reuse 
of grey water, brown water, and yellow water. 
8. Examined the implications of the guidelines governing wastewater reuse in Western  
Australia. 
9. Identified through this case study that recycling of yellow water and brown water 
was not satisfactory and successful. 
The focus of this project is to minimise health risks of reusing wastewater through a 
health risk management approach and ensure that the initiative does not lead to any 
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Annexure2 – Peppermint Grove Rain Water System 
 
Allied CLEARTEC Environmental Rain Water Reuse System Model -  
ACE– P555/B40/U320–2–C–11227 – Technical Specifications:  
1.0  Electrical – 240 VAC supply to suit 1 x 1.0kW pump plus 5 Amp misc. load.  
2.0  Budget supply / commission price: $35, 872.00 plus GST (excludes optional display  
panel).  
3.0  Ensure inter-wiring between pump and level probes to controller.  
4.0  Suitable access is required above pump in below ground tank.  
5.0  Approx. skid area  1.2m (W) x 20m (L) x 1.7m(H). 
CLEARTEC Environmental Rain Water Reuse System    - Technical Specifications – 
G175 11227: 
1.0 Pump  
Heavy duty stainless steel submersible pressure pump with bottom water entry.  Pump to 
incorporate integral 1.0 kW 240 VAC Motor and be capable of 1.0L / sec @ 400 kPa.  
Pump installed in below ground water storage vessel with lifting wire, p ipework, and 
quick disconnect joint .  
2.0 Treatment Skid  
CLEARTEC Treatment skid incorporates the following components:  inter-wired and 
inter-piped with valves, gauges, tapping points , and associated items to provide one inlet 
and one outlet connection point. System to be fully assembled and tested prior to 
dispatch and fully commissioned on-site once installation is completed.  
3.0 Pressurisation Accessories  
Bar press-control unit with  18 L pressure  vessel  to  facilitate  the  automatic  control  
of  the pump.  This system is used to protect against dry run.  
4.0 Sediment Filtration  
CLEARTEC stainless steel MCX 415 bag filter unit with 40mm connections that has a 







5.0 UV Sanitisation System  
Dual CLEARTEC SP 320 – HO / 2 UV units with variable intensity flow pace control, 
hours run meter and alarm, and safety lock plug-in connections.  
6.0 Flow Monitor  
Dual 40mm flow monitor units with digital totaliser and instant flow in litres .  
7.0 Mains Backup  
Dual 40mm solenoid valves to switch between mains water and reuse water on 
availability and power supply.  Mains solenoid valve used to feed via suitable back flow 
prevention device.  
8.0 Controller   
KWIKSTART Control System incorporating starting and alarm equipment for pumping 
and filtration equipment in a lockable metal powder coated enclosure.  Controller to 
include “burst pipe” protection out -of-hours and have VFC outputs for remote fault 
monitor.  Controller includes four 10 segment tank level monitors set to represent tank 
levels in the one below ground tank and the three above ground tanks. Controller s have 
output for remote display panel.  
9.0 Level Detectors 
Multisensor (10) 2.0m long level probe units with 30m of cable.  Probes mounted within 
tanks and wired back to controller.  
10.0 Remote Display Panel (OPTIONAL)  
KWIKSTART  remote  display  panel  with  diagrammatic  faceplate  depicting  four  
tanks  in  aschematic  layout  with  large  indicator  bar  representing the  tank  level. 
Panel is designed to assist interactive observation and awareness . Panel to be metal, 
lockable, and powder coated to clients colour requirements. Approx di splay panel size = 












Annexure3 – Field Visit Report 
 
Date    :  18 March 2010 
Time    :  10:30 am to 1:00 pm 
Location   : Shire of Peppermint Grove  
                           Leake Street, Peppermint Grove, WA 6011 
Visit organised by  :  Stewart Dallas 
Team attended  :  Martin Anda, Nandini Rastogi, and Ross Mars 
Maryam Nowbakh  
Objective of Field Visit 
1. To understand and learn about rain water supply. 
2. To understand and learn about grey water system. 
3. To understand and learn about brown and yellow water system. 
4. To investigate and study the feasibility of the total system. 
5. To find out relevance of the system according to National Australian Guidelines 
of Wastewater Management and Australian Drinking Water Guidelines . 
Methodologies: 
1. Direct observation. 
2. Photos. 
3. Interview with Ross Mars. 
4. Meeting between mentors and relevant people involved for providing feedback, 
comments and suggestion. 
5. Training on site (learning by doing). 
Material and Tools Required 
1. Pen and pencil. 













 Photos taken. 
 Understanding of the working of system. 
Signature of the Reporter 
Nandini Rastogi 
Photos 
   
Pic 1 Rain water tanks outside the building   Pic 2 Valve to control inflow-outflow of water 
    
Pic 3 First large flush device that trap              Pic 4 Water diversion system  
sediment and other material when it rains          
so that cleaner water is sent into the storage      






                             
Pic 5 Water meters to record both rain              Pic 6 Stormwater capturing, which allows 
water use and mains water consumption.           to slowly infiltrate downwards to recharge  
                                                                           the shallow aquifer. 
             
                         
  Pic 7 Wastewater treatment and reuse onsite        Pic 8 Brownwater system with three 









































          
          
          









A: Almost certain  1: Severe  E: Extreme  Ac: Active  
B: Likely   2: Major  H: High  Cl: Close 
C: Possible   3: Moderate  M: Medium 
D: Unlikely   4: Minor  L: Low 




MEDIUM HIGH HIGH EXTREME EXTREME 
1. Severe 
MEDIUM MEDIUM HIGH HIGH EXTREME 
2. Major 
LOW MEDIUM MEDIUM HIGH HIGH 
3. Moderate 
LOW LOW MEDIUM MEDIUM HIGH 
4. Minor 















Annexure5 – Incident Reporting Form 
 
PART A (To be completed and submitted within 24 hours of becoming aware of 
the incident) 
Contact details (for this incident) 
Name Position 
  
Phone number Fax number Mobile number 
(08) (08)  
Postal address   
Email address   
 
Person reported to 
Name  
Date reported            /      /  Time reported                         AM / PM 
 
Sample information  
Initial sample  
Date Taken            /      /  Time Taken                            AM / PM 
Parameter (e.g. E.coli, fluoride)  
Sample location (e.g. High Street Reservoir)   
Results (e.g. 5 cfu/100mL, 1.7mg/L)   
Date results received   
Laboratory name where analysis  was 
undertaken  
 
Follow up sample(s)  
Have follow up samples been taken? (This must include a sample from the initial 
location)  
 Yes / No  






Date            /      / Time reported                        AM / PM 
If No, expected timeframe for follow up sample(s) to be taken  








Immediate corrective actions  
 












I declare and warrant that I have all the necessary and appropriate authority on behalf of 
the relevant entity of the scheme to declare the information provided to be true and 
accurate to the best of my knowledge:  
Describe incident (E.g. events that led to the incident and the immediate impact. Additional 
information may be attached)  
 
 
If yes, please describe action taken (e.g. what and when corrective action took place and if any 
public health notification has already taken place, or will be required? Additional information 







If No, please explain reasons why immediate corrective actions have not been taken (Additional 
















Office Use Only - Part B (To be completed when incident has been resolved and 
no further action required)  
 














What actions did you take to prevent the incident occurring again? (Additional 
information may be attached) 
 
Provide evidence that demonstrates that the incident has been resolved. (E.g. results of 
follow up sampling. Additional information may be attached)  
Name  
Signature        Date        /      /  
Please complete and sign the form and send via:  















Provide evidence that demonstrates that the incident has been resolved. (E.g. results of 






I declare and warrant that I have all the necessary and appropriate authority on behalf of 
the relevant entity of the scheme to declare the information provided to be true and 



















Signature        Date        /      /  
Please complete and sign the form and send via:  







Annexure6 – Informed Consent Form 
 
I want to thank you for taking the time to meet with me today. My name is Nandini Rastogi and I 
would like to talk to you about your experiences participating in Peppermint Grove wastewater 
project. Specifically, as one of the components of our overall program evaluation we are assessing 
program effectiveness with reference to health risk in order to capture lessons that can be used in 
future interventions.  
The interview should take less than an hour. I will be taping the session because I don’t want to miss 
any of your comments. Although I will be taking some notes during the session, I can’t possibly 
write fast enough to get it all down. Because we’re on tape, please be sure to speak up so that we 
don’t miss your comments. 
All responses will be kept confidential. This means that your interview responses will only be shared 
with research team members and we will ensure that any information we include in our report does 
not identify you as the respondent. Remember, you don’t have to talk about anything you don’t want 
to and you may end the interview at any time. 
Are there any questions about what I have just explained? 
Are you willing to participate in this interview? 
 
__________________    __________________    __________ 
Interviewee     Witness     Date 
